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r ' , PREFACE 

^ - — - — - , _ 

This paper prqvides an oyerview of the research in educational communications 
and technology as it applies to science education in intermediate/middle school ' 
(grades 6-9). . It has been prepared as part of the research interest of the ' [ 
author who is a member of the staff of the Curriculum-Research and Development ^ 
Group. ^ • ' " \ 

Thi^ overview is divided ijitcJ five section^s or chapters, Educational Tele- 
visioh (ETV),; Film, Audio,, Programmed Learning, and Visual: Each extensively 
revievife the research literature" irr" the particular .area and provides a number 'of 
' abstracts ejceitipiifyincf th^ ftndings for eai:h'4:vpe of -rtiedia.as it applies to fti- 
ence ^dutation 'it^%jne mjcf(Jle s(:hool lQve(I. A summary. of the r69earch*Veyiew*is ' 
^^*^9 provided in eaoj^ chapter as well^ as the overall conclusions of this reviewer. 
^ ' The various ^types 'of media are all ^used in science instructaon.' Alwill 
become evident in' thiis* review each.has-its own particular advantages '^nd limita- 
*tpns;'- A, skillful 'and Knowledgeable teacheVjwill be able to choos* the' most • 
. appropriate jn'edi urn far 'the. subject matter to be transmitted and for the students*" 
who -are to receive instruction. The most effective use of media for science 
instruction seems to be combinatioris ot ^all types of media with traditional sci- ' 
bnce instruction^ thus providing studerfts'wj th a variety of learning modes. It'^^.^^ 
IS the purpQs^ of* this 'research review to identify the most jeffective use of each 
ofKhe-five ar^as of^'educational communlcaticms media 'for science instruction. 

• f 'I 

\ 

• . _ ^ 
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ED[>CATIONAL COMMUNICATIONS AND TECHNOLOGY AS'A'I^PLIED tO 
^ SCIENCE EDUCATION INI-'ERMEDIATEAIIDDLE SCHOOL, . . 



1 • ■ • ETV ■ 

(' 4,." ' • • - . » . 

introduction' \ 0 ^ * ■ ' - ^ ' 

, Dur-fng the past thirty years there has been a great deal of controversy 



over the use of television in education. • Some have. .shown- that highly signifi- 
cant results -can be .obtained using this media, whjle others have shown- the 



'Opposite or mi xecf, results. . Schools and Sidrnihistrators have been reluctant for . 

the most par»t to/use television on a wide scale. ' Some have made. token uses' 

"^^hile others 'have avoided it entirely and stilT-others have tried it and given 

up. Just^how Has IteTevision been used in the science classroom ahd with what 

.results? - s . . ' • - 

DEFINITION OF TERMS* m ^ 

There'^re certain ''terms- connected with television Usage which require^ 

clarificatiorf. Unfortunately, those ^dealing. with the medium have not been 
^ . / . • • • . ' ^ - * 

careful in their usage of terms resulting in a confusion in the literature. 
Educational Television (ETV) - is a broad term usually applied to cultural and 

♦ * • 

community broadcasting which may or. may.»npt include..some programs for, in-school 

• * • •^\* •'* 

use. > ' . . - \ ; " 

Instruct'ional Television (ITV) - is ^television used in the formal classroom at 

\ - / 

any educational level. Confusion in the literature has' arisen fromthe'use of 
ETV to cover all types. of educational broadcasting including ITV, Writer.s often 
use these terms interchangeab^ly. . ' / 

Closed Circuit Television (CCTV) - refers to the use.of, television transmitted 
from cameras t6 receivers over, a cable or by microwave permitting rece^ption of 
programs only by -those receivers Included in t-he circuit. This type of set-up 
is most commonly used in science laboratories for demonstrations. 



Video Tape Recorder (VTR) - records on magnetic tape like an auaio tape recorder. 
VTR's are available in several modes from reel to reel to cassettes of various 
types. ^ . \ , ' 

The remainder of this paper will use abbreviations consi.stent with use by the 
^authors of the various res«arghes cited. * * ' ► 

TELEVISION USES • " ' 

■ • • \ 

Televi^sion can be used in a variety of 'ways in education. 'It can 5be a 

XCTV system in a sin^gre room used to enlarge -demonstrations for laboratory or 

lecture. In this manner it becomes a valuable teaching , 'aid. It can also be 

used as a conventior|al *ITV from studio^ to- classroom to aid the teacher in 

schools, where there is a shortage of -qualified teachers. For elementary schools 
'* . • • 

this Is particularly relevant in science. - ' 

As shown by Schramm (1962) ITV .is better suited to some subjects than to 
others 'and ^eems best suited to s'cience^ instruction. The e^mfrra' can/ollow 
complex experiments and demonstrations with accuracy and magnification. In 
addition, the TV 'can bring the scientist into the classroom (Draper V953). ^ 

'The television js no substitute for doing science^ but it can provide 
initial or, supplementary information'for Subsequent' laboratory work. The value 
of TV as^a magnification device has been c>ted by many writers (Richter 1964,- - 
.Eanet & Toth 1976; and others). 

The remainder of this paper, will present researcli studies on the use of "V 
relevant to science^ instruction' at the intermediate ot: middle school level 
Vgrades 5*-9). Some studies at both the lower elementary and upp^r secondary _ 
levels have also-been included because of their direct relevance to tne target 
population. / « ^ . . ■ ' ^ 

SURVEYS / ■ ' ' ' ' \ ' ' 

The results of research on ITV are^ conf 1 icting> In an effort to provide 
'a'meamngful summary, Schramm (3962) surveyed 3^3 research papers with adequ§te__ 
design, control and statistical treatment to be deemed valid. Mariy^ were papers 
- • - ; ■■ --,2- - ' ^ - 
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that had not aj)pearecl in journals, but were 'wel U done. ^ The^ reports dealt with 
the^use of ITV vers^is classroom instr?uctiDn for all subject areas in. h'ndergarten 

L * 

through college. He eliminated all studies not designed with matched groups and 
a pre- and posttest of achievement. In M% of the studl'es mo signif icant di f- 
ferences were found between the groups; in 14% students learned significantly - 
less" from television; and^ in 21%- they learned significantly more by television 
than in the regular classroom. The conclusions reached by Schramm were: 

1. The average student js likely to learn about as much from a television xourse ' 

as from ordinary classroom methods. ' ' / 

2. Television instruction in matn and science is very successful, while in . 

history, humanities, and language it is somewhat less successful. 

Stickell (1963)^. attempted to clarify the contradictory results from 250 
comparisons of ITV and classroom instruction. '^Stickell set rigorous standards 
for good' e)(perimentaV design based on his own modif i.cation of analysis'of designs 
found in the Handbook of Research on Teaching . Of the 250 studies, 217 wer4 
classified as "unintqrpr^table", 23 "partially ijiterpretable" and 10 were found . 
to be ^"interpretable." ' There were no Contradictory r^M^ts reported in the ten- 
remaining studi'es. All showed no significant differences between the ef.fects of 
ITV and classroom instruction as measured by t\)e paper and pencil tests used. 
All ten wer6 at the collegiate .level; 

■ - * ' 1 \^ . ^ « 

Garcy (1960) had done an earlier survey on uses of television in the United 

, ■• • * ' - ' 

States. His conclusions' were s.imilar, that ITV is at least as effective as * 
regular classroom instruction and on occasion is more effective and retained 
at least as well. Gat^ry also pointed out^ that television is flexible in meeting 
the needs ,of large classes by maJcing better utilization of good instructors 
and in showing close-ups of small objects^used for demonstration?. 
STUDIES FAVORING TELEVISION OVER^ CLASSROOM INSTRUCTION'. ^ ' ' 

The surveys dorte by Schramm and particularly by Stickell set stringent 
standards for selection of rel iable 'studies. .^Though this is a sound practice 
\ 3 » • - ■ 



for interpretation of reseat»ch- ^ta i t- el imi nates <rel£hfeively good stud-ies which 
.may serve as indicators of effectiveness •e.ven though they suffer from weak 
research designs or lack of control of intervening variable's J The following 11 
studies have been found to, statistical ly favor the use of ITV over regular ' 
' classroom instruction. , . . * , ' . ' " / 

Champa ( 1957) .tested the effects^f ETV and films t)n' acnievenjerrt 
^ in and -attitudes toward science of ninth grade students in Lancaster, 
. . Pa. Three hundred studfents of comparable ability were divided^into '3. 
j groups -for a- one year course in science. Group 1 (control) received , . 

conventional science instruction.' • Groups' 2 and' 3 received the same 
. ^course but Group- 2 had thirty minutes of ETV including films- dnd 
resource people each week, while Group 3 had thirty minutes of the 
sam'e ETV films. Pre-Post tests, the- Cooperative 'General Science, Test 
^ (achievement), thfe Kuder Preference Record (attUtides) , and a survey 
of science related activities .were administered. Significant differences 
^ in achievement (p < .05)^for all three groups were fot^nd. ,Use of films 

was significantly greater than the use of ETV. The -use of £TV was 
significantly greater than the regular classroom instruction. Findi'ngs 
were sim^ilar for both wales and females. ^ Pupji Is, preferred films and 
tTV almost unanimously over co«.vent1onal science instruction. One year 
;after the experimenisa greater^roportion of pupils in the film group 
were pursuiag more science than had been the case" ii?- previous classes. 

Ch^pa's results thiDugh impressive aiid suggestive. of greater use of ' 

/ilm and ETV in teachi/ig 'science mgk 'be interpreted' with caution in terms of 

their appl icabi^l i ty in the 1980.!,?. His work was. done in 1956 befor-e the . ' 

advent of inquiry and laboratory science courses. I-t can b.e assumed that 

the "re^u?ar classroom instruction" consisted of ^le^cture with heavy emphasis 

on the textbook. It could be Inferred that students were more, motivated and 

/ ' - ^ • . ■ ; • 

attentive^ to the new television technology of the lale 1950's than wQuld be 

the case today, • • " . ' ' # ' 

Jacobs and Bollenbacker (1959) evaluated the effex;ti veness of , ITV 
and regular clasav»oom instruction on science achievement^ of 315 §ixth 
•grade students in Cincinnatti. Median IQ*s from all elementary schools 
in the public school system were ranked', then divided ir\to 3 ability 
groups, high, medfum and low. Within each ability grouping 2 pairs 

, of schools were- selected, one'pair assigned to TV instruction^ the- 
other pair to conventional classro'om ins^tructipn. ' A 'standardized pre- 
test in science was given to allow statistical adjustfnent between 

I ' groups for beginning science knowl^lige. A criterion referenced post- 
test was locally developed and.val idated. Results showed that the TV 
group exceeded (p < .05) the classroom group at the high ability level. 
There was no significant differences at the middle or'vj|j.w'abil i ty levels. 



Stovall (1960) conducted an experiment wit/i telev.-ision effectiveness^ 
on teaching secondary schooj Rhysics in Houston -schools , Twenty nine 
^independent school districts and 53 classed participated^ in the- study • 

• Comparison oiF television class^;with conventional classes showed signi- 
ficant differences ('[) < .05) favoring the television group." In addition 
Stovall found that there was a', favorable attitude of teachers toward 
nv, that there was no significant difference in student gain by^matched 
pairs due *to level of school district exp^endj ture, quality of laboratory^ 
facilities, class size, quality and amount of 'teacher training, st6<ient • 
prerequisites in science, or^student ability level.- 

Jacobs and Bel lenbacker And Stovall present^conflicting evidence on the 

•effectiveness t)f ItV ^ various ability groupings. As shall be seen' in later 

references this is consistent in the research literature. 

• . • , Garry (1960) tested the effects of various uses of* hTV on 90 cla.sses 

of fifth gVaders in Boston. Eighteen ^control classes^ used 30 half hour 
natural science'ETV p'rograms without accompanying classroom activities. 
Thirty six classes used the programs as a, terminal a'ctivity. Thirty six 
' classes used the programs- to inittate related activities. In each group • 
one thy^d^of. the teachers were trained in a 'science workshop, one 'third, 
were trained to use ETV .in'^class, and orre third received no Special 
< training. Achievement gains dn a project developed test were significant 
^ (p <: .X)5) for experimenta'Ts over controfs. 'Differences between expe/i^- . 
'mental groups were »hot^ significant. Observed effects on science reaso'ning^ 
interest, and attitudes were" reported ^s negligible. Type of training for 
teachers did not, have a significant impact oh student performance in any 
of the groups. . ■> . ' 

Garry ''s data suggests th^t ET\^ can be effective for all ability students ' 
«at least at the middle school l^Vel. It'is interesting to note that training 
df teachers dicj not have sigaiflcant effects .'^.This could be due to the reluct- 
ance of teachers 'io change established patterns of behavior or possibly to» 
an • ineffective tj-aining package. 

^ • HouS'e* (1964) studied the effect of ITV as an aid in third, fourth 
ind fifth* grade sci^nde instructicfn. Sample population consisted of ' « ' 
17p girls and 163 boys studied over a 5 year periojj.* Ill the third grade 
, the sample was divided into television and con'tro.l groups, ihe control 
received science instruction in self-contained classrooms and no ETV. The' 
television group receiveci science instruction via ETV. All students 
l^eceiv'ed ETV science instruction when they reached fourth .grade. In the 
fifth grade the groups were again*divided, one group received ETV science 
instruction in self contained classrooms .while* the other group received 
ETV science instruction in Targe resource rooms. IQ measures were used 
to classify the sample into high, medium^and low ability levels. Reading 
test scores were used to group, the sample into good^and poor readers^ 
The Metropolitan Achievement lest - Science was used as a criterion 
measure. House reported that good readers did better than p5or readers, 
third grade students did better with ETV than conventional instruction, 
boys profited more^from ETV than did girls, administering tests over 
•ElV aided poor reaclefs, and students in'large resource Vooms do as well 




as students in self contained classrooms. * ^^ 

House's re^Search must be approached with caution.' He obviausjy has 

introduced too many intervening variables making it. difficult t'o draw any " 

val-id cone 1 us i OTIS regardi ng "ETV versus conventiona-l , instruction.^ What is 

important to note about the study' is the possibl-e differences ' in achievement ' 

using ETV Hue, to rea'ding ability and sex indicating t^at individual d-ifferences 

in students may determine when and if ^TV is a/i appropriate medium for 

instruction^--^ ^ - * 

Well i ver (1965) compared the effectiveness of television and * 
non-television in, ninth grade physi-cal science jn f^ortti Carolina. 
Twenty foiir. classes "in tw« school districts were randojnl/ divided ' 
into ITV| and non-ITV groups? T*e Otis Quick Scoring Mental Ability ' 
test was' used 'as a pretest. 'The General Test of .Course Objectives 
constructed by the experimenter Wassus^d^s measure "of 'beginning 
sctei^ce knowledge: Posttests. after one yeafr jDf 'instruction* con- 
• sifted, of the Physical 'Science Achievement Test constructed by.^the ^ 
experimenter, the Te^t on Understanding Science (TOUSf, the Science 
Current Events Test constructed by the expeVime^ter, tlfe Sequential 
• •• Test pf Educationat pro^ressN-'Scienqe (STEP), and t-he^hurston . ' 

Interest Inventory. Re^^U^ showed statistical Ty^ significant 
I differences (p < •^5);faVormg the ETV'group of above ^a ver age^lbbi 1 i ty^ 
"Analysis of scores, for studms of average abijity favored the 
** non-ITV group, ^\Analysi^ of scores' of the low abilit:y group- . 
i favored th* ITV instruction. Welliver" cgnclud^d that ITi/ is more 
effective than ^noh- ITV 'with students of above 'ayerage and low'ability 
benifiting morejrom ITV inslr.uction than fr^'non-ITV instruction, 
. The two methods w^re found to be essenjcially equivalent for teaching 
science to students -of average afe^^^ ' 

, • ' <' . 

.Again the duestidn/of effectiveness of ' ITV for students of different . - 

^ability leveT's i^sh)nfl^cting. -JtVeems i>K:realingly c-lear^that ITV does 

not rave' equivalent effects for students of -alV abilities. 

GortJi et. al. ,(1968) investigated the effec^'iveness of lecture 
on .Wdeota^e versus^Tiye on a sampfe'of. 900 eighth and niij^' graders. 
\Aideotaped lectures and live lectures were '[Dresent:ed on srcience and 
'social studies unites. Groups receiving good quality videotaped lectures 
achieved/significantly higgler (p'<\05) means than those* receiving 
Tive lectliresl High ability groups were significantly higher (p < ,02) ♦ 
/ than low ability groups,' Gortn concludes that r^epetition of gOod 
quality videotaped lecture provides .a more stable^^aad sensitive measure 
of effectiveness and enhances student achievement.- • , * ^ 

Beets (1963) studied the effectiveness of ITV for teaching crea^tive ^ 
thinking to fifth and sixth graders. The ^'nquiry method was iised. as ^ . *^'> 
well as involvement of students in the live telecasts. 420 students' 
were randomly selected and divided into 4 groups, 1) Pilot which was 
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used to standardize scores of the other groups, 2) Experimental - students 
vieweid ITV and during three of the telecasts had a direct phone Tine zo 
the 'studio. 3) Experimental - students saw the telecasts outdid not" 
participate further. 4) Control - not ITV. All students wer^ given ^ ' 
Creative Thinking pretests. The same test was gi-ven as a posttest. \ 
Results showed sign if rc^int differences (p.<: .01)^between groups 2 and 3, 
2 and 4, 3 and '4. It was concluded that using the inquiry method of 
instruction via television did make a positive, significant difference in 
student's creativdi thinking abilities. . ^ 

* 

This is a particul*ar]y interesting finding since inquiry in science instruc 

tion has been thought to require hands-on activities for students prior to and 

during the development of concepts. This assumption has been the basis, of tne 

development of most of the major 'curricula ir> science for elementary and^ 

intermediate school populations over the last 20 years* 

♦ "* 

Moore (1959) conducted .an experiment involving CCTV and programmed 
/learning. TV classes were taught by lecture/recitation while the 

programmed sections were taught using a variety of resources to augment 
the programmed text. Pre- and posttests y/ere given to both groups. 
After adjusting for individual differences^ analysis of covariance showed 
that the TV group produced a significant positive difference on student 
attitudes compared to th^ programmed group as well as. a significantly 
greater mean achievement ^Score. \ 

\ 

Radlick ^ncl O'^Reilly (1975) involved 901 students frpm ni.ne school 
districts and 301 control, students from the same districts iri'a program - 
to test the effects of ITV. Experimental students received TVM'nstruction 
for two hoprs a day fpr 20 days. The control students received regular 
classroom instruction. Resul ts 'indicate that ITV^is best adapted to 
teaching science,, health, social studies, and consumerism to fourth 
graders. ^ * . ^ - . ^ 

Radlick and O'Reilly sifpport the conclusion rearched by Schramm (1952), 
Tn summary*, these eleven studies have demonstrated that ETV eab result in 
significant gains in achievement in science, however,' other variables must, 
be .considered, particularly student ability levels ' 
^STUDIESTAVORING CLASSROOM INSTRUCTION OVER ETV ' 

Not all research reports support^ the effectiveness of ETV over classroom 
instructions' The., foil owing studies show the opposite effects. 

^ , . V * 

Thornton (1970} investigated 1) the relative effectiveness of -ETV 
and programmed instruction, 2), the^effectiv'eness of using both media to 
supplement and reinforce each other, 3) the effectiveness of ETV anq| 
programmed instruction compared wjth tradtipnal classroom teaching, 4) 
the best sequence of using the 2 media, 5) the effectiveness of using 



programmed instruction to check the progress of ETV students, and 6) 
programmed instrudftion's role in Counteracting the noninvoivement of 
ETV students, 452 sixth grade students were divided into 7 groups, 
1) only prograiTired instruction, 2) ETV only, 3) traditional 'classroom 
teaching, 4) programmed instruction followea^by ETV,. 5> ETV followed 
by programmed instruction, 6) cpmbina^tion of 'traditional teaching, 
programmed instruction, and ETv\ and 7) no science instruction/ A 
pre- and post test science test was administered. Results showed • < 
that ETV produced no greater' student achievement than a combination 
of methods or no science instruction, ETV produced signifcantly >ower 
student achievements^an traditional classroom instruction, ^qd 
traditional classroonNnstruction produced significantly higftgr " 
student achievement than-ETV used al one ,^ programmed instruction used 
alone, a combination of programmed instruction followed by ETV, or 
no scienc-e instruction, \ 

• Galey and George (1974) studied the effect of ITV oncfevelbpment ' 
of classification skills in first graders in a New jersey public school 
chosen at random within the school ,distr>ct. Six TV lesst)ns were 
prepared with one of the experimenters as otne TV teacher. Treatments 
were randomly assigned to five classes, 1) TV with introductory and 
follow-up activities by the expeVimenter, 2) TV with free choice of » 
activity. after viewing, 3) No TV - same lessons taught by the experimenter 
4') No TV - teacher conducted similar lessons using SCIS materials, and 
5) control - no ITVand no science. Total number of students -was 123- 
A pre/ post test performance interview test was gi/en to all students. 
One way Anocovar analysis 'of posttest adjusted means showed no signi- 
ficant differences between grou^ 1 and' 2", •> and 3, or 3 and 4, ^ 
Significant differences were found betv&een groups 1 and 4 (p < .05), 
2 and 3 (p < .05)^ and 2 and 4 (p < ,01)* ATI experimental groups Were 
statistically significantly superior to the control group (p < .01), 
Experimenters concluded that the classroom lesson, group 4, was 
more effective than the ETV lessons. 



•Both these stujiies show that classroom instruction is superior to ETy or 

/ 

even program^ied instruction. Even though the Galey and Georgt^udy question- 
ably assunes that first graders can indeed learn classification skills. with 
such shortexposure.it still strongly supports traciitional classroom instruction 
resulting in greater achievement. Ther'e seem, to be fewer of these studies in . 
the research literature than those that ^how the, superiority^ of ETV, What is 
most commonly found however, are studies showing no significant differences-* 
between the two. this is the subject of the following sectid^n-. 



STUDIES SHOWING NO SIGNIFICANT DIFFERENCES 

Much more commonly research studies on the effectiveness of ETV tend to' 

show no significant differences between ETV and conventional classrpom teachinjg 

The follpwing eleven studies serve to illustrate .this point: 

Daniels (1959) investigated four groups of. students of "apparently 
similctr ability" arid their ^achievement in secondary science after ' 
. .differing modes of instruction. Group 1 had TV only, Group 2 had the - 
sound track of tfie TV programs only. Group 3 recieved conventional^ 
"science instruction, and Group 4-received no science instruction-'at 
all, ^Daniels concluded 1) there was no significant difference -to 
indicate' that ^ny of the 'three methods was superior and 2) some teaching 
is better than.no teaching. All three treatment groups were statistically 
significantly better than the control group. 

On the surface, Daniels' seems to indicate that though student ability may 

enter into tne analysts, there does not seeiti to be any significant difference 

between TV instruction and regular classrolim instruction. This study did not 

attempt to evaluate the ability level of the 'Students involved, Daniels' 

statement that the students" were of "apparently similar ability" may well be 

true, but 'if they were of middle or average ability, these results then are 

consistent with those of Jacobs and Bollenbacker (1959) and others,. ^ * 

Enders (1960) investigated' the ^ichievement'resul ting from usin^ ETV 
as a supplementary aid to teaching science at sixth grade level. For 
20"weekS^ students received 15 "minute planned ETV science programs related 
to the science unit being taught in the classroom. Another group' viewed 
12 ETV lessons while a. third group viewed no ETV lessons, -Results showed 
* no significant differences between the groups.* 

Syrocki and Wall in (1962) conducted a two-year study in human • 
biology. Two lecture demonstrations per week were^given to multiple 
sections of ^sophomore college students. Half were given conventional 
instruction, half ETV instruction. Models, demonstrations, etc, were 
kept constant in both groups. Contents of lectures were as identical 
as possible. All students received a pre- and posttest. Results showed 
1 ) no significant differences between mean scores of both groups, 2) 
no significant differences between mean gain scores, 

■ Though the Syrocki and Wall in study was drawn from beyond theetarget popu- 

-4^tion of this study their conclusions that ETV can be satisfactorily used to 

teach human biology seems to be well supported, Tannenbaum (1956) found th^t 

achievement of students taught biology by ETV was as great or greater than 

those taught conventionally.. Similar results we^re' found by Sieoert (1958) for 



physics and by Greenhill * (1959) for zoology. " ' • 

_ Garry (1963) tested the effect ot .2 types of fV programs - ipfor- ^ 
•mation giving and problem solving on 36 classes (lOuO students) of fifth 
graae students in Boston.' Suojects were selected on the' basis of 
teachers who had participated in a previ-ous study on teaching natural 
science by ETV. Selection procedures attempted- to hold '.teacher variables 
^constant oy selecting "average" teachers. Classy were divided into 3 
.groups of 12 each. Teachers in group 1\ (control ) were not trained. • 
, _ Teachers in groups 2 and 3 were trained to use ETV to provide -informa- 
- tion and to stimulate problem solving respectively. Group 2 viewefl 20 
ETV prog^rams used in a previous stuay. Group 3 viewed 10 "old" programs 
and 10 new programs. There were no significant differences in. science 
. achTevement. Retention- was not significantly different between groups.' 

jerkins -(1964) investigated the effect of a television course in 
^ science on 1,908 seventh-, eighth, and ninth graae students.' Half the 
classes received TV instruction-, half ' received regular classroom .' 
instruction. Three achievement tests were given and two- qOestionaires. 
No significant differences were reported between the TV arvd non-TV groups. 

Bickel (1964) studied the achievement and attitudes of students in ' 
-grades 4, 5, and 6' receiving science instruction via CCTV incorporating 
a talkback facility and students taught science in the regular classroom. 
One TV and one control-, classroom were selected at each of 3 g'rade levels 
resulting in nine paii^S of classes. Achievement measures included the' 
Stanford Achievement Test - Science administered in classrooms and the 
California Elementary School Science Attitude Test administered to ail 
classes via TV. No overall statistically significant differences were 
found between treatment and control groups in achievement. Similarly, 
there were no si-gnific&nt differences between groups in attitudes toward 
science. 

Bickers data appears to indicate that at leas.t on some instances even ' 
the addition of a tdlkback facil i ty 'does not necessarily enhance student . 
achievement when using ETV over regular classroom instruction. Several propon- • 
eots of ETV have indicated that such a mechanism would significantly improve' 
ETV use in schools.^ 

Skinner (1967) investigated ETV and the use df inquiry in science 
instruction. ^23 students were divided into 4 groups. 2, groups received 
inquiry science lessons via ETV. A third groupd received inquiry instruction 
by the experimenter, while a fourth group received science instruction 
from'the regular classroom teacher. Results showed -that inquiry teaching 
was as effective a,s television in presenting science lessons.* F.urther, 
student designed follow-up activities for the ETV lessons were as 
effective as teacher designed pre and post lesson activities.. 
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Gale^ (1970) studied 123 first grade students and the effects of . 
ETV. Five treatment groups were established? 1).TV with pre- and post 
lessonsr2') TV with no introductory lessons, 3) Mo TV - 'class taught by - 
Ga-ley, 4") Control - regular sciei^ce instruction, 5) No TV - class tau^ht^ 
. by regular Qlassroom teacher. Performance interview pre- and posttest 
were' administered. Results showed no significant differences between 
TV and no TV classes ^taught by'the experimenter. There were significant 
differences between TV classes'and classes taugtit ay the regular classroom 
.teacher. TKe study concluded that ETV and classroom instruction were 
equally effective ip improving student achievement in science. 

Poteet (197Z)* studied' 47 Seventh graders to determfne the effects 
of viewing a series of '^Mr. Wizard" programs. Students were ranaomly 
divided into 3 groups. Group 1 viewed i2 "Mr. wizard*' programs. Group 
2 aVso viewed the programs and were interviev/ed. Group 3, the control 
saw a series 'Of films unrelated to science. The tape recorded interviews 
were evaluated independently by 3 evaTuators. Results showejd a signi- 
ficant difference between experimenat^l s and controls in preferences 
^ for< science, no significant differences among the 3 groups in achievement, 
and no overall significant correlations between ♦preferences and achievement. 

^ Kohlmeyer (1974) selected a quasi 'experimental design involving 
203 students- in grades 4 - 6 to determine the effects, of I'TV on low 
achieving students. The subjects had been designated as below grade 
level in achievement. . They were assigned to three treatment groups. 
All groups viewed a twenty minute Tv science lesson. The control group , 
nad an'oper\ circuit TV and pre-post lessons reinforced activities presented 
-by .TV. Another group had open circuit TV and Indvidual ized learning 
packets for reinforcement of pre-lesson and post-lesson activities. 
The third group viewed the TV lesson individually on VTR and had the 
individualized packets. All groups were administered a pre-post 
achievement test to establish gain scores. There were no significant 
differences 'in learning resulting from any of the treatments. 

In summary, one could look at the research showing no significant results 

as a* failing on the part, of ETV. On the other hand, these results should be 

* 6 

interpreted more optimistically. That is, ETV is as good as, and in some cases 
better than conventional classroom teaching, particularly with higher ability 
groups. 



OTHER FACTORS AFFECTING THE USE OF. -ETV . 

Several other studies have .identified var^iables that affect the use of 

ETV in science instruction in addition to student ability \vhich has already been. 

discussed. Some of these factors are presented in'this section. 

Wade, (1969) studied 817 fifth grade students in Santa Clara County 
\ and the effect of ITV and various teaching methods. Three methods socratic 
- (active teacher questioning and correction of student response), teacher 



tell (iteration of TV content), and control (general pferip'heral 
motivational activities). -The TV unit^'was' a six-week, 12 lesson' 
series on insects and animals. Results showed that the socratic 
method had significantly greater mean scores than either of the other 
two methods (p < .01). There was no signifitant difference between 
teacher tell and control methods. Low abiiitj student^ tended to make 
better gai ns in control groups, v/hile socratic methoas tended to favor 
high ability students. • " 

r 

Studies :such as this seem to s'uggest not only is the ability lej/el of 
students using ETV important, but also the instructional stra.tegies' us^d by 
the teacher. Socratic or inquiry methods tend to cause students to tnink 
more about What'they h?ive viewed on TV, to process ^information presented and 
to apply it in novel si tual^/ions. Such methods may indeed significantly increase 
the effectiveness of ETV by changing the student focus from one of absorbing 
fnformation given .to actively using information to develop deeper understandings 
of concepts. 

Reich and Meisner (1972) investigated the effectiveness of color 
versus black and white television concentrating^ on factual retention* 
of subject matter. Researchers tested 12 seventh grade classes in 
Toronto. schools. They found little evidence that color was a different 
instnucttonal medium than b^ack and white. .Data suggests that color 
' may reduce value of the spoken word, ipaking color a valuable medium 
only when materia-1 to ,be taught involves visual experience or a dramatic 
^ ^ . event. ' ^ ^ % ' ^ 

Schramm (1971) surveyed 120 research studies on the content and 
strategies .of ITV. He concludes that color seems not to increase 
•learning unless color is what is to be learned. A large screen seems 
to be of little or no advantage over an ordinary screen. Students like 
a talkback system but seem to -learn ho more when it is present. There 
seems to be no advantage for existing three dimensional projection. 
Eye contaot seems to contribute to learning. In general, two useful 
guidelines emerge, simplicity of presentation and active student 
, parti Cripati on. 

-It is interesting to note in these studies that in. times of emerging 

technology capable of colorful graphics and displays that black and white ^ 

* • ♦ ' *# 

imagery may be just as effective except in cases wherfe color is the message. 

rt may well be. that color detracts from both the verbal and pictorial message 

being presented. Schramm's conclusion about feedback is not shared by other 

researchers. • * * * 



^ In the course of experimentation with television over the past years 
several different approaches to instruction have been tried. These-can be 
, classified into two broad categories , -information giving and problem -sol ving. 
•problem solving includes the discovery approach and therefore programmed 
.instruction. , ' • ^ 

Gropper and Lumsxlaine (1961) did. a series of experiments employing 
the best research techniques available at the time on programmed in- 
struction using television. They constructed a series, of TV lessons ^ 
^ which progi^ssed in small incremental steps and. included good feedback 
and contraSed this £ipproa_ch with a conventional TV lesson. They 
concluded that it is difficult and not feasible *to develop programmed ' 
TV lessons for group instruction when there are wide differences in 
ability level.s. Programs mus.t be extremely well. devised .to lead 
students to the correct response, 49therwisje wrong information may 
* become fixed. 

Garry (1963) did^a similar study and 'concluded there was no 

significant difference between programmed and ETV instruction. ^ " 

Zettl (1967) attempted to classify various kinds of feedback ^systemsl 
used in' television programming. The following is his categorization-. 

A. Direct feedback - the viewer reacts directly to, the originator. 

This is further broken down into immediate and | 
delayed feedback. ' e. ^ 

B. Indirect feedback - the viewer does not react to the teleteacher 

until the-end^-of the lesson^ Most cormion 'form 
is letter writing.. Indirect immediate feedback 
occurs when the viewer can observe a* studio 
^ ' clSss react." Indirect delayed feedback occurs 
when the teleteacher asks the viewers to engage 
, in specific activities following the lesson.^ 

C. Displaced feedback - the reaction of viewers takes place independently 

for instance a discussioij among the viewers after 
the teielesson. * , , 

A considerable amount of research has been done on the^ usefulness of 

the various feedback systfeirls. Bryan (1961) did an extensive evaluation of > ' 

chemistry and physics courses taught by television with and without fee'dback^ 

He concluded that fj)r physics there was no significant difference between">-\^ 

treatments, but for chemisty ETV pli>s direct and displaced feedback wa/" 

significantly more -effective than either alone. • 

Wolgamuth (1961) did a study comparing the effectiveness of Three 
feedback techrTlque^s; TV only, TV plus direct irmiediate feedbttk; JV , 
p^u$ indirect feedback, and TV plus electical'feedback devises. 80 
students were assigned at random to treatments. Pre- arid posttests- 



were gtven to measure achievement. Results showed no significant 
differences among the methods indicating that feedback had no'ef-fect 
■on learning. 



• Kumata (1960) did a survey of ten years of research on tele'vision 
teaching and concluded that there was no significant difference between 
te-levision and classroom teaching in infjormatio'n gain, retention, and 
.feedback. More surprisingly he concluded that feedback machanisms ar^ - 
not a substitute for interaction, but- thfei (^presence gives students' 
•reassurance. When they , are. present, such mechanisms are seldom used' by 
students, ^lowever, students "feel more at ease when they are present. 
The best results in information gain are obtained when a discussion Ms 
held after a TV lesson -by a competent teacher. - 

It would appear then that the use of programmed instruction be left to 
J:he individual teaching' machines and that for TV we sh\Duld rely on .a well 
constructed, information giving technique.' Individual differences arevtoo 
vast to be treated in the same manner. Attempting group instruction .by 
programmed television may lose too many students .and, if ^_o, is not desireable. 
In regard to feedback mechanisms, sti^ents seldom, use them when they are 
available and there seems to be no significant difference in achievement when 
they are not present. * ■* . " ■ 

Finally, there are indicatiotis that ■EfVr may have effects not only on 
students, but also on teacher behaviors. , " ■ 

- ■ ■ . ' r 

Yeoh (1973) systematically observed 15 teachers and their' intact 
•classes of sixth. Seventh and eighth grade students in San Francisco as 

they used a series of ETV science, lessons. Conclusions drawn from the 
• results of how teachers supplemented the presentation indicated that • 
the extent to which the TV broadcast matched the class schedule. determined 
whether or not the pre-teach and/or" followr'up instruction was included. 
•. Further, teachers e>^ert6d considerable direct influence' o.n students 
verbal behavior. There was strong indication that student success 
on the criter;ion test administered was a function of the teacher's skill 
in questioning and directing ar^d reinforcing appropriate student cognitive 
•processes. Yeoh also noted that students indicate that, they have 
realistic and pedagogically sound suggestions about the^ways I-TV is used. 



SUMMARY . . , X^' * ' 

From the past research done on. the uses of ETV tt^ere are obviously some 
functions which it can perl^ofm effectively and^others at 'which'its effectiveness 
Is less clear, in reviewing the rese&rch several points have beer; brought out: 

1. Whether students are taught by television' or by regular classroom instruction 
achievement fojlows the usual pattern of those with higher ability, learning , 
more than those of lower ability, i,e,, good students will Team regardless 
of the manner in which they are instructed. 

2. The subject in which television is used is a determining factor in whether . 

^ , • 

or not it will be effective. Television- seems best suited for instruction 

• .h . ■ 1 

in the sciences. * 

3. ^ A television lesson should be 'followed by a session with the classroom. 

teacher in some sort of foljow-up -^ctivi tie^ and/or discussion. 

4. Television is. more readily accepted, by elementary students and adults '''' 
'than by high school or college students: , 

5. Retention is. a questionable aspect of ITV, However, information delivered 
over .television appeaVs to be retained ^t least as Well as that delivered 
in the conventional classroom. ' 

6. Television has several advantages. useful in science education: 

a. " Magnification of demonstrations a^^d visual aicis can give everyone a 

good view -Qf . what is* being pVesente'dy 

b. Resources, and authorities can be brought into the classroom which would' . 
not.otherwise.be possible. ' 

c. -CompensatiD,(i can be made ^fo'r. weak. areas .in teac^her back^ound.'- This is ' 
especial-ly important in the elementary schqol . 

d. Lessons on TV -are generally better prepared affd more precise than those 
, ' presented in the regular- classroom. ^ - - c... * 

e. Equivalentvpr greater »g^ins in achievement-are accomplished using ETV., • 



7. Television al,so fias sevep^J.^ limitations:/ . . ^ 

a. Teachers often lack S&yjties^. necessary to teach effectively usi^q 

TV exposes teacher weakQ^^%^i!h^orfle teachers afrafd of teaching 
via the media,,'' ' 

Jhere is no face-to-face cdn^idfeT.i^^h s^'cJms to check understanding 
as the lesson proceeds, ^^^^^^-^ 'J'^^ "^.^^^.'^ - * " V 



.CONCLUSION 

, .With .its power to extend teaching ,^|s power to record and store events, . 
its power to bring the world of science p'nto the classroom &TV is an exceptional 
adjunct^to the classroom teacher. In some instances, particularly with, high 
ability students TV can be. used as the medium of instruction in intermediate/ 
middle school. It 4s clear that^used for instruet^^naV purp*oses ETV can be 
,a^^ effective ^as regular classropm teachw^ at least for short term s'tudent 



exposures. ^Its most effective use appears to be '^ith the classroom teacher 
^actively involving students 'in follow-up activities and/or discussion to cause ■ 
students to -synthesize and apply information presented via TV and thereby develop 
a more thorough understanding of it.- s£udents can not. be considered inactive 
absorbers of information. In science ability to TV to magnify, show detail,, 
introduce scientists into the classroom, show' demonstrations that would. otherwise 
be infeasible and in general support the instructional "'process makes it a 
valuable asset to education. ^ ' ' ' ^ 

However, despite the past 30 years of researtTi on ETV and the. complimentary 
verbal and written conclusions regarding its usefulness in science it is'^a 
fact that EJV is not significantly used in. science education at any level. This 
can perhaps be explained from a number of perspectives.- first, ETV is still . 
relatively expensive to use. Aside from the piJrchase of equipment such as 
monitors and VTR's there is the additional expense of operating studios, producing 
quaMt^y'prograffis, and scheduling their use. Such operations have so far been 



taken over by professtonaV corporations wh-ich may or may not have any insights 
into educational systeiTis and needs of classroom teachers. 

Second and perhaps most importantly, teachers are not-^famil iar wi th the 
Uses of th,e media, T^ey have not been adequately trained in their preservice 
preparation. There are no school' or inservice programs .generally available / 
for teachers to become familiar with ETV and its advantages. There are costs 
involved in such inservice programs as well. In times of increasing deniands 
on education dollars it is not likely that this situation will soon change. 
It seems clear that until some impetus for training teachers in the'uses of 
ETV are provided lit will remain for the most part the subject of educational 
research rather tha-n of educfational use. 
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EDUCATIONAL COMMUNICATIONS' AMD TECHNOLOGY AS APPLIED TO 
SCIENCE EOUCATIOH IN INTERMEDIATE/MIDDLE SCHOOL 



< . FILM 

^ ^ ^ 

INTRODUCTION - ' ' -^^-y . 

Film is probably far more cojmionly used by science teachers thkn ETV at 
the present time. Film can be an integral and essential part of the science 
classroom sipe it is able to bring' to students experiences, places, resources, 
and. individuals" to Which they would otherwise not have access. Fi.lms are most 
often used to show an experiment requiring special materials or substances which 
could not be 'performed by students, to'show unusual phenomena, organisms, eco- 
systems, etc., to show scientists at work, and to show events in either reduced 

or expanded time frames so that evehts that would otherwise not be observable by 

I. '' 

students can be shown. " - * . 

':Film as used in this chapter includes several differing formats. These are: 
16 <fnm* films - by far the most common form of large group instruction used 
in science education (Bi^own 1977). * 
Xi_8jTTm films and Super 8 mm film the most recent innovation in film-are 

available in open reel or continuous Joop. Though mojst ar*e silent hewer * " 
■technologies provide sound track as well. The film loop cartri'dges require' : 
no complex threading making -them ^idea-l for individual instruction (Brown 1977; 

Wittich & Schuller 1979). ' * " 

. _ . - ^ . ^ ' , r-' . 

3* Videotape - dften referred to ifl the literaturi^ eithec^wattv film or considered 

synonymous with film. Videotape provides motion and sound usually in* 

Cartridge form making them' increasingly appealing* to schools.' Videotape is 

not dealt with^in this s'ectTon. See Chapter 1 for an overview of' research 

. on videjDtape. . / ^ 



4. Filmstrips -"low cost filmstrips usually accompanied by audio tape are 
prolific in science education. Like film, filmstrips can br*ing visual 
information into the classroom that otherwise would not be available. , 

5. Slides - considered along with filmstrips to be still projection of film, 

. slides have several advantages* Jhey may be rearranged to emphasize different 

points, deleted? added to and in short are more flexible that other types 
- of film (Brown 1977). 

The majority of the films used are of the expository type regardless of 
format. There has been comparatively \ittle 'change during the past forty years 
of science film production though there seems to be increasing use of some of 
the present day sophistication in the technology such as animation, fade-in, ^ 
'fade-out, wipe, -close-up, dissolve, etc. Both scene lengths and total film 
length are longer in redent films. (Razum 1972). 

Research shows, however, that science teachers have difficul ty. making 
'effective use of film because of unsatisfactory subject matter, quality of 
script, quality of production, obsolescence, vocabulary difficulty,^ and 
advertis^ing. Barnard (1956) reviewed 24 science films aqd, reported 44% served 
no urtiqjie function and contributed to none of the objectives of science in 
secondary school . " In" a review of filmstrips, less than half the frames made any ~ 
contribution to science content, methods, or attitudes. 

Wittich and Schuller (1979) report reviewing the research on the use of . " 

film^strips and still projection and conclude that it is an effective means 

of communicating factual information and certain skills; that combining still 

projection with other methods of instruction is likely to produce the most 

efficient Jea^ning; that still projection materials must be selected and used 
* «. 

carefully if they are to be eff^tive. In regard to films research shows that, 
film can be e/fective if students are properly prepared for viewing. * Wittich 

X 

and Schuller conclude that film is. likely to' result in greater student learning 

' 23 ^ , . ' 
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"1. students know how the content of the films is related to the 

subjects they are studying... 

. 2. Students know the specific reason they are being shown the film. 

3. Students know what, exactly, they are expected to learn from the films. 

4. Students understand that the films are learning experiences...." ' ~ 

) ^ . 

RESEARCH ON THE EFFECT OF FILMS ON STUDENT ACHIEVEMENT 

The following fourteen studies deal with the effect of film on stiident 
achievement in science. 

••Barnard (1956) reviewed the research on instructional methods and 
materials utilization in science. He concluded that if teachers were not 
sure of the quality. or content of the media they should not gamble with 
class time. Carefully selected films have educational \Aalue. .Sound, 16- mm 
films were found as effective 'as teacher demonstrations in science. Some 
films can present concepts r\ot taught by other methods. Where films are 
effective there was careful 'planning for student preparation and follow-up. 

> 

This ecirly study makes the same conclusions and recommendations as Wittich 

and Schuller in regard to use of film in the classroom regardless of subject area. 

«? 

Hubbel 1.(1957) compared filmstrips, student activities, and science^ 
text' effectiveness on eighth grade student achievement. A subsidiary purpose 
pf the study was to correlate scores on a- standardized test of primary 
mental abilities with' respect to gains in information obtained through 
the three instructional techniques. A rotation plan was utilized to have 
a different method of instruction in each unit of the study. At the 
completion 'of a unit (three units of science were* used) each of the three 
sections was^" given a final unit test. At the end of the study the three 
- tests^were^ administered again iTi the form of a retest. "Ah interest finvehtory*. 
was also administered.- The filmstrip was presented exclusively with no 
other' demonstrations. The text was a basic text used as a ^source of information 
for the three units, the student activities, treatment involved students in 
lab and' simulations designed to teach the concepts in the three units. The 
activity method and the filmstrip were more effective than the text in providing 
for student achievement for eighth gra*cle students. The filmstrip and 
activity treatments showed no significant differences in student achievement, 
irrespective of the tlifferences existing among students in mental abilities.* 

Hall, Johnson, and Vandermeer (1964) compared jthe effects on learning 
achieved from 1) existing commercial filmstrips combining visuals with 
printed captions, and 2) similar filmstrips covering tfie same c«ontent, but 
presented in. small, previously tested- segments with active response required 
ol the students. Also attempts were made to study the effects of grOup and 
individual pacing ^rTd measure effects of confirmation of resppnsg to questions 
asked during presen^aticyi and compare the results with results' from 
presentation with no confirmation in group ^esentations. The captions 
were read both, visually and orally, but in individual study tlie students had 
no oral presentation. The study was macle with students ingrades 5, 7, 11, and 
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12. Results indicated that in all grades the programmed presentation 
produced better posttest scores. At fifth grade level programned filmstrips 
with confirmation in a ^jroup presentation showed significantly different 
posttest scores in achievement than individual self paced instruction At 
seventh grade programmed filmstrips were more effective than nonprogrammed 
filmstrips. At eleventh and twelfth grades results were similar to seventh. 
No conclusionrs co'uld be drawn concerning relative effectiveness of individual 
presentation and pacing-or of group presentation and pacing. No significant 
differences were found that would verify effectiveness of confirmation/ 

Both these studies demonstrate that f i Imstri'pso can, be an effective means of 

irrsiruc-tion in secondary science. Questions of adjustments or additions- to 

the film or filmstrip such as pacing are the subject of a later section of this 

overview. • . • ' 

Wittich and others '(1967) designed a program to develop and teach ^ 
a high school physics course via film consisting of 162 daily half-hour ' ' 
lessons via televi sion. » A complete 16 mm sound motion picture of the ' 
, lesson was available thus bringing. the ttvo media into interplay. The 
resulting films were labeled tele-films ^r T-films. Following the 
viewing of the first films planning was initiated, to evaluate the physics 
study situations. Control (782 students) and experimental (550 students) 
were s-et up. Physics te'aqhers agreed that the films offered excellent 
laboratory demonstratior>s and experiments not possible in the ordinlry 
high school laboratory a"nd that' the content of the films was e1<cellent. ' 
Data was collected Jjy questionaire on feelings toward the films. Achieve- 
- ment of students in physics wis compared. Ma'ny'teachers disapproved of 
giving up almost all of ;theiV- class time to the films. Others felt that 
a filmra day did not provide- enough variety qr flexibility in the prbgr-am. 
-Students felt that the demonstrations were excellent, but that the pace 
was too fast, the mathematics tOo advanced, and that they Had no time in 
school for practice (W-. experimental work. Control, students expressed a 
... Aigher interes-t .in science that -the T-fi-ln> students and-anticipated - 
goinj to science class mre. Intelligence had a positive influence on 
students' interest jn^ science, the higher the intelligence, the more 
. interest in scienqe. There was no 'significant difference between 'text 
and film groups in course achievement. There was significant difference 
between groups on the information included in the films only; Retention - 
over three months favored the control groXip at the ,.01 level. 

Studies: suc"ta aSiWi.tt1Cb's=^.Suggest that though films can be as effective as * 

regular classroom instruction in providing for student achievement they can be 

over done. The negative feelings of teachers toward film usage, the feelings 

of constraint on time by students, "and the higher interest in science of jthe 

nonfilm grdup' suggest caution in using film as ^he primary means qf 'instruction. 
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Twiest (1968) evaluated the effectiveness of the use of author 
produced filmstrips supplementary to di^s«;ction in high school and college 
biology classes. Two similar biology classes taught by the same instructor 
were used as experimental and control groups in five schools. The 
"experimefital groups previewed, the appropriate filmstrip before a dissection 
lab. During the following lab periods, students v/ere free to run the 
filmstrip. In the control section class was conducted in the' conventional 
. way without the use of filmstrips. All sttfdents were given an investigator 
made pretest of anatomy knowledge. After dissection students were admin- 
istered a test of knowledge and recognition. Results showed no significar/t 
differences between the groups. ' ,/ 

. Woodman (1970) investigated the effectiveness of 15 PSSC films on 
physics achievement and understanding of science. 486 students- in 9 high, 
schools in Massachussetts were divided into 3 treatment groups - 1 ) no 
science films, 2) 15 PSSC films closely related to questions on PSSC 
achievement tests, and 3) 15 PSSC'films unrelated to PSSC tests. Measure- 
ments of physics achievement were the PSSC tests. The Test of Understanding 
of Science (TOUS) was also used as a pre- and posttest. Significant 
differences (p < .05) were found in achievement to favor the no film 
group. No significant differences was found between groups 2 and 3. No 
significant differences were found on the TOUS. Boys in group 2 scored 
significantly higher (p < .05) on PSSC" tests thanrgirls. No differences 
were found in response to the PSSjC films by IQ or prior achievement in . 
science. 

Woodman's results for physics students indicates that films are ineffective 
in prodding significant achievement in "science. However, one must be caytj_oj/s 
in interpreting this result. -As in Wittich^s study it may simply be too much of 
too many films. A more judicious "choice of films to show what cannot be shown 
by other 4nethods rather than using film as the primary medium of instruction 
may be*a useful approach to the use of films in science. Woodman's conclusion 
is also warranted.^ He urges that selection of films for classroom use in science 
should be on- something other than for student -achievement. 



^ , Peter\. (:1972) conducted a ^tui^y^ on the utilization of field trips and 
sound films. The treatment group recieved science content film§ in the 
classroom. The control group went on ^series of. field trips related 'to 
the same content as included in the ^ilmiv Concept development was. measured 
by means of a posttest. Jhere wa$ no statistically significant difference 
between the me^thods in student achievement. Peters concluded that film? 
could effectively be used in the class>oom^ to eliminate time consuming 
travel, could permit increased student exposure to various resource sites,* 
and -xould eliminate direct contact with dangerous resource facilities. 
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5rown and Ladd (1974) compared an audiovisual program consisting 
of slides, filrnttrips, and audiotapes with field trips on achievement 
of fifty students in an earth science course. The program was evaluated 
and revised weekly -with -the number of lectures increased to two by 
student demand. A^er one semester student test scores were compared. 
There were no signvficant differences between treatments. 

Both Peters and Brown and Ladd have demonstrated the effectiveness 

of^film as compared to field trips. This could mean considerable savings in 

time and expenses for courses in science'. However, such comparisons are 

dependent upon the availability of films with content which me6ts the specif 

needs of the courses in question. - - 

Trohanis (1975) studied Audible Multi-Imagery (AMI) programs 
(three screen slide presentations with audio) for the eff6ct their 
lengths have on learning and retention. 253 high schoal psychology 
students in ten classes were divided into experimental and control 
groups. One class was used as a control group. One thirty minute 
. AMI program on 'introductory high school psychology was developed. 
Tiie program was arranged ^o that it could be" broken down into three 
ten-minute segments. The experimental groups were divided so that 
they were shown program segments of 10, 20, *and 30 minutes. A. ' 
posttest was prepared and adrpinistered for each segment. Results 
indicated that the ten-minute segments were more effective than ; 
30 minute segments^ There were ho significant differences between 
the ten and 20 mi/ute segments. Th^re was no significant difference 
• in long term retention. ^ ' 

Allen (1975) investigated the effect of viewing a single 
^ concept 8 mm film on second, fourth, sixth, and eighth grade students • 
.response^ to a set .of J^ue.stions .reLUted. to.lhe'fllm. . The .293-.students -^-^ 
who participated in the study were randomly assigned to three 
different groups at each, grade level. One third saw the sirjgle concept 
twenty minute film on biological food chains. One third saw a similar 
film but without the food ^hain information. One third served as 
controls and viewed no film. Pre- and posttests were givenv On 
the factuel portion of the test the concept film group significantly 
(p, <.01) outperformed. the o^ther two groups. The author concluded" 
thatj^ilm does teach factual contefit at all grade levels tested. 

Tyson (1976) reported d study of cancer education and awareness 
program on 429 secondary schoolteachers and 7,633 secondary school 
- students and their parentis. The presentation was a one-hour lecture 
sli<ie prograni. Two weeks fol lowing" the presentation questionaires 
were administered. Results showed that teachers and students increased 
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knowledge of cancer information, t-iachers showed ^<mre correct responses 
than students', and 92% of the teachers judged the^sentation to be of 
value. . -■ ^ 

Chan (1977) described an audiotutorial slide program'.for zoology 
students.. A.' self-paced system was devised for observing tffe content - 
covered in twelve study units. The pos.t testing evaluation revealed ' ' 
that students- with lower grSde point averages achieved scores comparable 
with students of higher grade point averages, 

Feshbach, Jordan, Dillman and Choate (1978) compared the effectiveness, 
.of using slides and graphics and a numberic method of transmitting nutrient 
information on 88 subjects ages 4 to 10 years. Results indicated th'at 
subjects could understand the complex relationships at an 'earl ier* age 
_ using slide's. Slide presentation was judged to be superior to numeric 
presentation. ' 

^ * 

■MhesB^tudies overwhelmingly demonstrate that film is an effective means. 



of providingrer student achievement in science at both the elementary and 

secondary levels. As with other media preparation and • fol 1 ow-up significantly 

increase effectiveness. The mor.t effective use of fi,lm seems to be in combinati 

with other instructional strategies rather than as the sole means of instruction 
for effecting student achievement. 



RESEARCH ON THE EFF£CT OF FILM ON STUDENT ATTITUDE 

A number of studies on the use of film in science education have'focused 

p^rmafj ly ,.0Q. attitude. chang.e„ . The Jol Jowir^^aven'istudies ^re. nepiresen-t^tive^ 

of s(ich investrgations4^ ' ^ 

Schweitzer (1963) investigated the effect of color and black and 
white films on attitude modification. Specifically, he questioned whether 
color en^hances efficiency of instructional sound films, whether it contri- 
bulges to retention, and whether students express a preference for color ^ 
films. The following conclusions were reached. 1) Color rn some 
cases did enhance the effectiveness of instructional soiTnd films in 
modifying attit;jde, 2^^ color films maintained a slight but statistically 
insignificant advantage over black and white film in retention of 
attitude, and 3) there was a consistent preference for color films over 
black- and white fgr both sexes. ^ 



Wicklin^ (1^64) investigated changes in attitudes of Jiigh school 
'students concerning science and scientists after viewing a series of* 
ten motivational films. -*An experimental group of 113 students was com- 
posed in two sections each of tenth grade biology, eleventh grade ^ 
chemistry, and twelfth grade physics. A control group of 131 students 
was composed of two sections of tenth grade biology, one section each' ^ 
vof eleventh grade chemistry and American history, ^nd one section each 
of twelfth gradi^^physics and !Ociology. Both groups were pretested with 
the Allen Atti.tujie Scale. and :lle Facts About ,Science/r^st. The experi- 
^mental group PTcis'then shown oiie film per week untiT/al1\ ten films in the 
Horizons of Science Series haa been shownv *The tests were administered 
as posttests. There was no significant difference in changes in attitude 
iietween the film and no film . groups. None of the six variables of grade 
^vel, course^ content, mental a^e, total SCAT score?, sex, or elective 
.science courses was fgund to be significantly related to changes in 
attitude. Differences- in changes in understandings of science between 
the filnr ahd non film gr;oups was significant (p < .05). The iMderstandings 
of the film. group .increased slightly while the control • group gai worse. 
The films provided positive reinforcement for the experimental group ^. 
resulting in a slight improvement in'understandings as compared with a. - 
definite decrease in understanding for the nonfilm group."' . 

Dunfee (1967) reported in a review of educalfional research literature 
that Allison had reported favorable attitude change of fourth', fifth and 
sjxth gradp students toward science yfcientists, and science careers after 
viewing a .series of sciehce films, "llison (1966) investigated effects 
of treatment ^ (film), grade level, mental age, science achievement, sex, 
and science training of parents in relationship to student attitudes. The^ 
Allen Attitude Scale was used as a pre- and posttest. Group 1 received 
no films. Group H'viewed films only.. Group 3 received film and discussion, 
and also, received questions prior^ta the films. Group 4 viewed the films 
and discussed them with the investigator. Group 5 viewed the films and . . 
discussed them with their regular teacher. Group 6 did not view the films. 
Attitudes toward science, scientists, and careers changed favorably by 
a-11 treatments. Changes in attitude 'were not related* to grade level,* ' 
mental age, achievement test scbres, or science training of 'parents. 



^ Trinklein (1967) reported a study of using full'film and excerpts 
on attitude formation and achievement of 382 students in Chem Study 
A combination of whole film amd excerpts produced greater gains in know- 
ledge and attitudes than either film or excerpts alone. 

Deture and Koran (1975) compared the effectiveness of, live peer' * 
presentations versus filmed peer presentations on 2^* fourth grade stuclents 
from a deprived neighborhood. Two groups of studertts^ were selected to 
perform a science activity! The treatment group first watched a filmed 
explanation of the activity. The control group did not watch films^. The 
treatment group generated significantly more positive behaviors and less 



negative behavioj^B in the 



activities. 



Simons' (1980-) studied the effect of structur'e of film narrations on 
achievement .and attitudes of 70 tenth grade biology students. The study- 
extends the research on the positive effect of structured lecture presentation 
on achievement and attitudes to film. Intact classes randomly selected to 
.participate'- in the study were divided into two gr'oups each viewing*^© ^ 
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sures^;,:., Th'e-^4ut;fc&^^^^^ need to 'beJtteryttend-— . 

fUm structure: ^i^^ fenej^-l^age- acguistioTi-djidrjDromote 'eff^^^ ^--^ ' 
ponses- to f^lm^'^^ntep^^^ ^ .^-"'v;.: r-. I^- ^-/^-^^ ■. '"x ^- 

^SiTOfons-. echoes ip^de by .^^ / ^ 

\ Barnar^ (1956 j^"that\t|-:flf^ 

' structure and'composi tton; their effect.. 

It seems clear, ho w^,er 'frn^m.^^^^^ stydies'cj ted thu4-far that film 

can not only enhance", effective learning, but can also' effect 'significant 
changes in student attitudes toward science, toward scientists, and toward 
science careers. 



RESEARCH 0l!| THE EFFECTS OF MANIPULATION OF VARIABLES USING- FILm 

A number of studies thus far reported in this paper haVi involved manipulation 
j -of parts of the filrji presentation to determine the best or most effective use 
'of film with students. Hall, Johnson, Vandermeer (1964) for example studied 
.effects of differing presentation of filmstrips; Brown and Ladd investigated^ 
' c(Dmb4natiOTis~"of Ti Im presentationT as~did Trohanis "(T975)*; Sphweiitzer stud i e'er 
the effect of coIotH. Al lison (1966) studied combinations of film and di.scussion; 
trinklein (1967) looke^sj at using whole films versus excerp.ts; and Simmons > 
compared the effects of Structure of films. A number of other studies, some 



of, which are reported in 



relationship to film usage in the classroom. 

^^rphy (1961) s\:udied the effectiveness of filmed introductions to 
a general science film on achievement and retention 'of seventh grade 
students. 271 students were randomly assigned to 5'-treatment and one 
no treatment groups. Three *types of filmed introductions were tesT^: 
1) presentation of technical vocabulary, 2) general description of 
content, and 3) a set of questions directed tpward the content presented 
in the film* None of the treatments produced statistically significant 



this .section, have investigated othef variables in 
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differences tfver-juse of the film abne br to one another. All treatments 
• . -were ^up^rior to no treatment, slower IQ students' means increased as more 
-information was added, to the beginning 'of the film. 

.r ■' ' / ' 

This study tjiough not specifically stated is related- to a number of other 

S'.ttfdies on the u$e of advance^ organizers on student achievement using film. 

fvid Ausube'l has suggested that presentation, of advance organizers i,n directed 

or pondi'rected instruction significantly enhances student performance and 

achievement. Murphy's data seems to; suggest that such- advance organizers do 

not have an effect on achievement. • ; 

Thelan (1970) studied the effect of .advance -organizers and^guide 
questions used with seven earth science films in effecting achievement' 
■and attitude changes in ninth grade students. 340 students were randomly 
assigned to four treatment groups. Only 137 who Jiad completed all parts - 
of the experiment were incljjded in the analysis. "^Group.l had advance 
. organizers five minutes before t^e films plus guide questions and 
- discussion after the films. Group 2 had guide -questions and discussion, 
Group 3 had advance organizers a/id discussion. Group 4 had discuss-ion only. 
No significant differences were found in achievement or retention. Students 
not- using .advance organizers demonstrated a significant difference in 
attitude change toward film as an instructional tool. Charige in all 
groups for attitude was negative. •» , 

leather and Marchant (1974j investigated the effects of cueing,' 
questioning, and providing knowledge of results along with films on 
students in educational psychology. These devices were incorporated 
into the films to encourage learner participa'tion'dirfng brief intervals 
in the film showing. Results showed that the effect of cuenng, that is, 
the presentation of items of information via .a learning booklet prior 
to showing the film did not show statistically significant results.'^ 
FoLLowihg the, student *^-_attempt io. answer, .a .question by the correct, 
answer was significantly more effective than questioning without the ^ 
correct answer. - : 

, Lawton and Wensk'a (1979) studied 237^ rural kindergarten, third and , 
' ^fifth graders to determine their^learning "^nd retention resulting from 
three types of advance- organizers. Students were a^dnrtnistered the ^ 
Peabody P.icture Vocabulary Test.- Those storing in the lower 25% were 
randomly assigned to- one of the three i:tre,atment groups; 1) high order 
concepts, 2) high order rules foi^ classifica-tioti^ 3)^ combined content 
and process. Control group received no treatment. Advance organizers > 
,were slides and picture cards designed to. enhance content a'nd o/gani- 
• zation development* Group 3 was^most effective for all three groups 
(p <^»05) for achievement and retention. ' ' 

Bowyer (1979) investigated the influence 'of 'visual and verbal 
organizers c|n cogrvitive learning^from films. Students in seventh grade 
(193 subjects) were^divided into high, medium, and fow levels baseS on 
achievement on a standardized science test. Experimental groups were 
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given visual introductory ^materi-als for the films. One group was told 

Jp write about the materials, the other was given no instructions. A 
bntrol group received-fi written summary. Students viewed several' science 
films and were' tested o^ their content.. A retention te'st was given several 
weeks later. No significant differences- were found between groups. 

The question of use of advance organizers, in combination with film- 

is ttius in question. In some instances advance organizers appear to e^nhance 

achievement in using film, in others there are no significant differences 

when they are used and when they are not. ^- ' • 

Moakley (1958) tested the effects of periodic variations in an ' 
instructional film's normal loudness level for relevant and irrelevant 
film sequences. Rigorous pilot studies , 'random grouping of seventh ' 
grade students for. treatment,, and ratings of relevant and irrelevant 
film portions by an unspecified number of judges* preceded *the experi- 
ment. .An analysis of variance for the four experimental groups 
^ suggested that higher mean performance was a result of decreases in 
loudness rather than increases, regardless of relevancy of-material 
Another analysis suggested that decreases in loudness for irrelevant 
material resulted in higher- performance than decreases- for relevant 
material. For' the three control groups whose film sequences were 
constantly relevant more learning resulted from loudness levels both 
above" and below normal than from a normal level. High performance 
levels "were positively related to high intelligence levels. 

Mori and Tadan^ (1973) investigated tRe effects of abnormal motion 
' picture films have on influencing a student's perception of*space and 
time. High speed films were projected" for -3' min. -7 sec. while slow 
motion films were projected for 6 min. 11 sec. The high speed films 
were shown to 42 twelve year olds and 59 six' year olds. Slow speed 
films were shown to 45 twelve ye^r^olds and 35 six year olds. Before 
and irmiediately"folloWl% viewingTeach subject was tested on judgement 
of motioh. Results showed a significant dil^ference (p < .01) for both 
age groups -who viewed the higW speed film. ' ' , 

These studies suggest that abnormal adjustments in the use of films 

in the classroom have significantly different effects on student achievement. 

and perceptions. Thia is particularly important where particular ^mphasis 

1-S' desired or in the case of film speed where perception of motion is important 

tb concept development, 

Blomberg (1974) compared the effectiveness of the laboratory 
approach, standard reading/lecture, and films on oven behaviors -of ^^ 
sixth grade students in 2 schools. Four groups selected at random - 
studied the ESS units over three 6 week periods. The film group used 
ESS film loops and videotapes. The Overt^e^aviors Test which identifies^- 
student actions such ^s tell, write, show, demonstrate, and construct was 
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given as a pre- and posttest. Results showed no significant-difference 
in the three teaching methods; There were, no significant differences 
due tb- sex. 

Blomberg's study is interesting in ijiat it shows that films can be 

just as effective as other teaching methods in affecting student behaviors., ' 

However, it is difficult tc 5ee how such a short treatment would be expected 

to cRange significantly student betiavior^ after being in sc'hool for 5 to -6 

years. ^ ' ^ 

A few additional studies jhave investigated some interesting aspects of 

the use of film in science classrooms.. ' , t 

J<a2em (1960) selected two types of fllui, the informational/exposi- 
tory an)i the historical/dramatic to be seen by tgnth grade bioltDgy students 
to discover their effect on understanding scientific method. Studgjits ^ 
were matched by prior achievement, Intielligence, sex, age, school and 
grade, Posttests showed a significant increase in understanding of the 
scientific method in all treatments. The informational/expository film 
made a 'signifitantly greater contribution to understanding than the 
historical/dramatic. The films viewed together made a greater cohtri- / 
bution in student gains/than either viewed alone. .There were no 
significant differences by ability level. . " ' 

. • i i ^ \ 

Barker (1969) created four single topic film loops and corresponding 
teacher" guides designed to elicit hypothesis formation on the part of 
high school students. 100 chemistry students were shown" a sequence of 
the films. A ftrst hypothesis was constructed immediately following 
the film display. Students were then shown experimental evixience afid 
allojwed to revise their hypotheses. There were nonsignificant differences 
between the original and revised hypotheses. Approximately 60% of -the 
students could 'construct relevant or modified hypotheses. The relevancy 
of the hypotheses was significantly greater for the revised hypotheses. 
There was a significant improvement in the ability of .students to construct 
hypotheses from the first to the fourth film. 

Castelli (1970)- investigated the effect Of 20 BSCS single topic 

film loops on critical thinking abilities of high school sophomores. Using 

a^four group design and analysis of variance the Watson Glaser Critical 

Thinking AppVa/sal and the Processes/ of Science Test were administered. 

Results indicated that critidal thinking ability can be improvefl using 

. an" inquiry film, but process skills appear non effected. 

* ^ 

These few studies indicate'. that films may have several unanticipated effects 
other than achievement and attitude "thange. Films appear to be able to effect 
such things as understanding of scientific method, constructing hypotheses, and 
critical thinking abilities. 
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SUMMARY ■ ^ ' ■ 

Though many of the films, filmstn'ps, slides and other film media may be 
strictly"' expository in nature and have* low quality subject matter or production 
(Barnard 1956; Razum 1972) there still remain a substantial number which can be 
effectively used in the science classroom to enhance student achievement, 
attitude development, and other-student behaviors. This research review ^ 
supports the conclusions of "vy^ttich "and Schuller (1979). Hubbell (1957), 
Wittich (1967), Peters (1972), Brown and Ldd (1974), Allen (1975), and 
Ghan (1977) have shown that film and still projection can be an effective 
ins true tfona'l medium for communicating- factual inform^^ioli and certain skills. 
Film is not always effective, however. Tweist (19*68) and •l-Joodman (1970) founti 

■ • , . . .. . 

film' to be ineffective in their studies. Wickline (1964), Deture and Koran 

(1975) and Simmons (1980) have also demonstrated 'that Hlms are effective in ^ 

changing attitudes- of students in sfcience. ' . * * 

.Wittich and Schuller (1979) haVe'alSo concluded that combinations of 
instruction are most.effecti^e^ that when merfia is used v/i^th proper student 
preparation and'Tol loW-up it is most effective/ This posttion is clearly 
supported by Hall et. aK (1964) Murphy (1967), Tyson (1976), Deture and 
Koran (1975), and'Feshbach et.aV." (1978). — ^ * 

The ev.idence on the use of advance organizers with film is less clear. 
.Studies-by Blomberg (1974), Thelan (1970), Teather and Marchant (1974), • 
Lawton and Wen^ka (1979) and Bowyer (1979) are confli^cting." Other variables 
manii!)ulated in use of film may also have differential leffects. Moakley's ^^(4968) 
studies on the effect of loudness for example are not clear. Chajiges in 
sound lev6l and film speed (Mori ♦and Jadang 1973) seem, to have differntial 
effects of students achievemerrt find perceptions. It also, seems thcit film 
can effect changes in hypotliesis formati.on (Barker 1969) and critical thinking 
abilities (Castelli 1970). . ' . 



CONCLUSION * .' .' 

There is no. question that film and still projection are effective means 

* £ • • • 

of instruction in science clearly capable^of significant improvements in 
achievement. It also seems clear that fi^in is effective in changing student 
attitudes toward scieiqce, scientists, and science career^. Factual knowledge 
expecially of content not readily acce'ssible to teachers j3r students can 
be effectively communicated to students through the use of film. 

What ,is equally clear is that without specific planpirig as tb the use . 
of the film including thorough student preparation 'and fol low-upy^effectiveness . 
is significantly diminished. Th^s is nc different than what could be said 
of the use of any instructional aid. Film seems most effective vihen used ' 
in combination with other instructional strategies. Studertts need preparation, 
before 'viewing film so thVt they know what they are to do, 'what^they are to 
observe, how it is relevant toN their current studies., etc* "*Use of. I^S^ce ' 
organizers in preparation for viewing seem to' be effective in some cases but 
not in others. It may be that the particular kind of pr^fi^ra ti on needed' vari&s 
with content and students. ' . ' 

In additiorrHo effecting changes in achievement and: atti tudes film may 'also 
Mve some unexpected side ^effects. It appears that film can effect changes in 
understanding science process, in improving Jiypdthe's is formation, and. in, 
improving (jy-itical thinking skills'. > ' — * * ,^ ^ 

As mentioned earlier film is especially useful to the" science teacher in ' 
being capable of bringing into the classroom through photography, 'magnification, 
animation,, and time-l^se resources, experiments, and .information not available 
in any other form. The research also shows that unless'^'he teacher is familiar 



with- the 
4 



content and is clearjabout th^ intent of the film.it is perhaps, better 
*not to gamble with class time. This suggests that teachers should plan and ' 
previ'ew before usiftg film media in the science classroom. 
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EDUCATIONAL COMMUNICATIONS AND TECHNOLOGY AS APPLIED TO 
SCIENCE EDUCATION IN INTERMEDICATE/MIDDLE SCHOOL 

.'AUDIO 

INTRODUCTION " ^ V . 

A third type of media used in education is audio. This category includes 
recordings, audiotapes, audio-tutorial, radio, language laboratories, and dial 
access systems-. Audio learning as used in. this chapter rei'ers to "learning that • 
occurs through exposure to electronically recorded or broadcast explanations,, 
directions, and the like" {Wittich and Schuller 1979, p-^142). Because of the 
variety of comiyi nations of the use of audio with other instructional media, it 
is difficult to isolate the actual contributions of the audio portion to learning* 

0 

In science, the most commonly used forms of audio instruction are audiotapes and 

audio-tutorial systems. There is-somewhat lesser reliance on radix) in science 

and little use of the other modes of audio instruction. ^ . ^ 

Taped instruction has several advantages as noted by Wittich and Sohuller (1979). 

Taped material can be played back an indefinite number of^times without substan- 
• » 

tiai loss of quality of message* This is a particular advantage with the recent ^ 
emphasis on individualized instruction.. Audio learning can be effective in 
'developing skills. Audio tapes have been used to instruct both adults and stu- 
dents in the operation of equipment and/or fhe performance of required tasks. - 
Again the capacity of the tapes to be played back 'over and over, slowed down, or 
speeded up enable learners to progress at their own individual rate. Audio 
instruction also frees teachers from needless repetition enabling" them to better • 
serve the needs of individual students. As with other media, however, the effec- 
tiveness of audio instruction is o.nly as good as the instructioi^l plan, that is, 
vrith proper preparation and follow-up activities or discussion. 

The remainder of this chapter is divided into three sections, radio, audio 

tape. studies.," and- audio-tutorial studies. Jhese are the primary uses of audio 
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instruction in science. 



mh STUDIES IN SCIENCE EDUCATION ' • 

Radio is a primary means of instruction in rural areas and for correspondence 

scfiools. Foi^xample, studeftts living in the outback of Australia rely heavily 

on radio for their eduction. Radio also serves useful means of bringing 

information into the classrt^om (Wittich and khuller 1979). ^ - . ' 

Barnard (1956) reviewed the research on instructional methods 
and materials jitilization in science. He concluded that if teachers 
were *no1^\ sure of the quality of the audio instruction (that is for_ 
commercially produced or locally produced materials) Or the content 
they should not use it. Though it is difficult to preview radio 
broadcasts Barnard found that the studies he surveyed sRowed that 
- radio instruction in science could be* effective irf effecting achieve- 
ment in science. When carefully selected with a definite purpose in 
mind, with student preparation^ and follow-up radio broadcasts in sci- 
* ence have .educational value. 

Uslan (1964) a§Sessed the attainability of geographic and related ; 
, physical science concepts by fifth grade students using short wave 
radio broadcasts. ^ Two' groups of students consisting ^f 34 students'' 
each were involved in the study. One group used radio, the other ^ 
followed a conventional instructional program. Results showed that,;<-. 
' the radio; aroup performed better in written responses (p <.01), in 
listening (p <.05) and in subject matter content (p <.01). 

y Miles (1940) examined the. effects which ra4io instruction had on ^ . 
^/increasing knowledge, developing favorable attituties, and extending • 
^ interest in conservation of wildlife and natural resources. Six-hundred- 
.fifty-one students took^part in the ^one semester study. Ten classes of 
fifth and sixth graders Mstened to radio broadcasts. Ten control classes 
0^ fifth and sixth grader^did not receive the broadcasts. A pre- and 
postteaf'consi sting of informat^ion, attitude and interest items was 
administered. Results showed significant increases in information and 
^V' significant shifts in attitudes (p<.05.) for the treatment grcJup. No 

significant differences were found in interests-, but the fifth graders 
in the. nonradio classes exhibited significantly -greater increases than 
\ the radio groups. ' . / « ' 



Though only a few studies of radio in ^ science were fouri^ they support the 
contentions Iff Wittich- and Schuljer that radio can be effective means' of science 



- instruction. It appears' that the major drawback of using radio broadcasts ii| 

the 'Clasps r-ooni is that it is more djfficu]t to know ahead of time what the com- 
mercially broadcast programs will b^.^This could be alleviated by providing an 
^ . annotated program listing much as is ^e^r the Nova VJ series. 



AUDIO TAPE STUDIES IN SCIENCE EDUCATION 



Audio tape is probably the most widely used of .the audio media in the-sci- 

ence classroom with the possible exception of audio-tutorial which will be dealt 

with i^ the next section. Audio tape§ are used'to instruct in the use of labora- 
i ' ' I • 

tory instruments (Gore 'and Rayner 1972; Wi.ttich a'nd Schuller 1979) /for individ- 

ualized instruction, to c|}nvey^ information in science, and perhaps most signif- 
icantly are a primary means of instructing ^he blind (Eichenberger 1974). The 
followiTig seven* studies are concerned with audio effect on achievement. • 

Hoffman '{1969) compared direct and indirect audio tafjed lectures 
for effectiveness with ninety college freshmen biology sttUerits. The 
students were randomly divided into two groups. The first was taught 
I directly by audio taped Jecti^e^, laboratory exercises, and',auide 
sheets. The second ^roup participated in question and answer' activ- 
ities in addition. Pre- and posttests were administeVed at .the 4)egin- 
*ning and end of the eight week course. A retention test wasj given 
ten weeks later. No significant differences were found at the end of 
the course or on^the retention. test. Both groups did favpr the^ audio- 
. tape approach as* a teaching method. 'The indirect group was alsq des- 
'^cribed as demonstrating improved problem solving skills. 

It is not clear from the report of this study what the actual test was. .In, 

one instance it is r*eferred to as an "aptitude" test making the interpretation of 

results difficult. However, the audio approach was favored by both groups and 

1 . » ' . * 

again the combination of . instructional iiiethods seems to be most effective. * 

•Holliday (1970) compared the use of audio tapes and printed material 
on student achievement and retention of science content in tenth* grad6 
biology,.. Three-hundred-fifty students were randomly assigned to nine ; 
subgroups identifiable by the unique combination of programmed text for.-* ^ 
mat, group-paced delivery techniques utilized for each in the Subsequent 
learning and testing sessions. No significant differences were.* found * 
in either verbal presentation or in using a combination of, audio and 
printed media simultaneously, nor in using the same media in the learn- * 
'''^ ing and testing sessions. The author interpreted the data^to mean tha^t 
one of the two media in the simultaneous presentations was not used to^ 
interpret trte learning material. He raises questions concerning using 
audio and printed materials for instruction. 



Holliday seems to suggest that the combination' of media are somehow inter- 
fering with one another.. Thi^^ is quite contrary tp other research data showing 

thft combinations are, in fact, more effective. 

' . ' . • ' ^ *' ' 
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Presnell (1971) developed and evaluated an audio taped program of 
instruction in learning concepts of ecology and conservation, as well 
as, "^j^nterpretative skills which serve as prefi'eld trip instructionr. One- 
hundred-^thirty-eight students in the upper elementary grades were exposed 
to audio lessons, field trips and five written tests. A control group' ^ 
of 98 fifth arid sixth graders were administered the tests only. A series 
of ten 27 minute sequential audio taped lesions were produced. Students 
listened to these lessons on an individualized IJasis via cassette tape 
recorder. Resul*ts indicated that whilamany concept, fact, and skilly 
learning gains occurred, few^were significant. ^ It was also shown that 
few significant differences in learning gains 'occurred between field 
experienced and non experienced ^tudeats. The author concluded that ^ 
based on the results the program-was best suited for sixth grade students 

Presnell seems to show. differential effects af instruction on\students of 

different age levels. Treatment of the control groups is not altogether clear 

making interpretation difficult. If we assume adequate controls and comparabl 

treatment, audio instruction does not seem to be any more effective tham other. 

mearfs of instruction. t ... 

Lutt/ell (1971) studied 52 seventh grade students who were enrolled 
in. an individualized sciei\ce program (ISCS) to identify the degree to 

.which students w.ith reading difficulties cotild perform if provided with 

'^"supplefnentary audio iffstruction. Students were divided into two groups. 
The controj ,group and the treatment goups both^tudied JSCS Level I 

■ material The treatment group received- supplementary audio tape recorcl- 
ings that" repeated the content orally. Results frpm an ISCS achievement- 
test -and the Comprehensive Test of Basic Skills indicated no significant 
difference in th6 performances of either -group. The treatment group 
■ ^ had greater gain scores in 'achievement/^ There were no significant dif-^ 

'^ferences in gain score in reading,. or math.'f^ . - 

This appears to be a follow up ^'^ Holl-iday's 197^0 study. Again' he 

found no signlficant^differences indicating that audio tape is as effective as 

other more c6nventiona> means* af 'instruction. \ ^ 

Atkinson (1972) studied the comparative effectiveness of audio tape 
andr printed material ort achievemint and retention and on time to complete 
a required sequence of activities. Seventy-two eighth grade science stu- 
dents who were below or above average iij reading- ability wene randonjly 
divided into two groups^. The experimental group received instruction by 
|audio tape. The cdrvtrpl group received ..instructiom through printed ma- 
IteriaK Posjttests werb given to all subjects after each chapter and a 
cumulative test was given three weeks after afl five chapters had been 
completed. A retention test wa^given three*weeks after the end of the 
' experiment.. Results of the study showed that there were significant dif- 
ferences in favor of the audio tape group. The above average reading . 
ability students got higher achievement and retentjion scores with printed 
materials. * . ' ^ 



Atkinson has shown that as with other media means of instruction is differ- ^ 

entially effective'on students of differing abilities. The audio tape mode seems 

in this study to be, very effective with low readers. ■ " 

,Kroll ( 1974) ^iested the relative effectiveness of written and.audio 
tape instruction on 120 fifth, and sixth graders. Studehts were randomly' 
jassigned to four groups; high ability students with audio; high ability 
'stijtlents with written materials; low ability students with audio; low 
abipty" students with written materials. A published programmed text 
in elementary science adapted ta a prose-plus-adjunct question format ' 
was used. Findings suggested. that both high ability groups learned the' " 
material equally well regardless of "means of instruction. Both low abil- • 
ity groups learned less from the' treatments. Reading and auclio were 
equally as effective. , ^ ^ 

Kroll, Holliday, Luttrell and Presnell and others all have found that audio 

tape is as effettive as other means' of instruction. This would suggest that 

selection of the media for science instruction should be based on something other 

^than acheivefnent ga'ins. ' For example, if audio tape instruction is utilized the ' 

teacher is free to interact with students who may nied additional help. 

Audio Feedback ^ ^ ' 

A couple of studies have dealt with the effectiveness of audio feedback. ; 

> Tauber (l^/l) f6r instance studied the effect af four feedback mechanisms on stu-: 
dent performance in high school science. Students (224) in grades 10, 11, and 
12 were^ randomly assTgned to, 4 treatments; 1) no consent - lab reports returned 
with just a grade, 2) limited comment - grade plus short word or phrase, 3) -free 
writing ^ grade plus long written response, alid 4) free tape - grade plus 3 to 8 

. minutes of teacher comment on tape. No significant differences were found on 
student performance scores on the lab exercises overall. Subanalysis showed sig-' 
nificant differences in favor of the free tape'{p < .05) for chemistry students. 
Physics classes showed significant. differences (p < .05) in favor of no comment. 
Though apparently showing-differential effects due to subject matter,' ability. | 
level may well enter into this study as an intervening variable since it ts common 
fon only the highest ability students to go on from chemistry to physics. Further 



maturatiorv must also be considered. Jhough such t&pe feedback mechanisms might 
be easier for the teacher than writing long responses /their effects are not 
clear. 

Compressed Speech • ^ * ' - ^ 

A number of experiments have deatt with compressed speech, that is, audio 

materials played back at a rate faster than normal voice speeds. Compressed 

speech is possible without changing the pitch or inflection of the original 

voice. . I ♦ ' * ^ 

Wittich and Schuller (1979) in reviewing the research on -cw|tt:essed speech 

state the following conclusions: * ^ ' ^ . " ' 

1. Between 90 and' .95 percent of the^students using compressed speech 
derive satisfaction from the -opportunity to change their listening 
speeds. ^ ' . ' 

2.. As' materials become ^more- understandable |:o listeners they usually 
irtcrease their listening speed.. Listening speeds can, be increasec} 
as muqh as j^O^^ith no loss of comprehension. 
3.^ 'Most potential to listen to and comprehend infor-^ 

o mation at ra^^^bs tan ti ally fas^ter than normal speaking^ speech. 

The '^following three studied Ipok at the use of compressed speech in science 

instruction. ' , ' ^ • 

Sarenpa (1971) made a comparative study of two different types "of 
audio tape instructions. One tesPt. group of 28. college sti^d^nts 'heard 
the tapes compressed 60%. Th^ control group of 29 students*heard the 
tapes at normal speed. While the compressed speech grqup had a 12.3% 
savings in time there were fto significant differences in achievement. 



RippeyAl975) reviewed the research on compressed speech and found 
that there were no significant differences in achievement but substan- 
tial savings in time. As the rate of presentation increases so does 
th'e rater of learning. The speech compressor is more effectiji/e if stu- 
dents can control the Tjite of spe%d, this being a crucial factor in 
adceptance of compressed speech. , * ^ ^ 

Perrin (1976) invejtigatejl the effects of two presentation variabl^gs 
screen size dnd rate of presentation, and sex on cognitive learning of ?^ 
middle.school students. Four identical slide sets were prepared. Two 
normal speed tape recordings wer£ made to accompany the slides. Two 40% 
compressed speech tapes 'were also prepared. A test instrument was pre- 
pared to assess the audio,, visual ; and audiovisual content ^of the presen- 
tation. The test population was 118 above average middle schijl students 
randomly assigned to the foQr treatment groUps. The posttest*was admin- 
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- istered immediately following the presentation and again 3 days later. 
^ Liearning from the large screen presentation was not significant on the 

posttest, but was (p < .05) on the retention test. Compressed sound 
was significantly less effective (p < .05) than normal sound on both 
ipiediate and retention tests. 

These studies show differential results but also deal with different age 
groups. It may be that compressed speech is more useful with some groups than 
with others. It is surprfising to find that in Sarenpa*s study students were So 
quick to adapt to the use of compressed speech. Perrin's study may have shown 
different results if students had time to become accustomed to' the use of com- 
^pressed speech and, as Kippey- indicates, could Jiave control over the rate of . 
speed. * " I 

Other Audio Tape Studies 

A number of other studies have been conducted using audio tapes in science. 

V Some of tfiese are reviewed below. ^ - . / 

Gates (1970) investigated the effectiveness of audio tapes when 
used as a supplement to reading tlie ISCS Level I materials. Students 
> classified as poor readers were divided into two groups, and audio 
^ group (n = 50) and a control group (n = 50). The audio group listened . 

to audio cassette tapes of a narrator reading the ISC5 materials. The, 
control group was instructed by the same teacher but did not use the 
^ audio tapes. Results- obtained after one year of treatment indicated 
that the^ group using audio tapes had a significant superiority (p < .05) 
over the controls in preference for science achievement, and reading 
* comprehension. No significant dil^ference was found for understanding 

of science, overall reading grade level, or rating of teacher performance. 

This study seems to he particularly well done over a long enough time frame 

to be believable. The results confirm studies already summarized that audio 

tape may in fact be a significant learning device for low ability or low reading 

students.. 

*• 

Barry 'and Carter (1972) researched the use of a variety of instrucr 
tional media in a general chemistry course. These included 16 mm sound 
motion picture, slide/tape programs for individual student use designed 
to teach analytical skills, slide/tape programs covering lecture topics. 
Results showed that achievement of students using the" slide/tape programs 
was superior to those who did not* Achievement increased with time in- 
vested/in using the slide/tape programs. A|slightly higher proportion 
of low ability students* chose to use the sTide/tape materials and spend 
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more time on them than higher ability students. 

Simons (1972) compared two i-nstryctional techniques which involved 
64 students in two experimental groups and 65^students as* controls. Two 
instructional treatments (scripts and tapes) and two units of biology 
were utilized. One experimental group was given audio tapes, the other 
written materials for the first unit. In the second unit the instructional 
media was switohed. Pre- and posttests were ^given for each unit. Read- 
ing ability, stud^t attitude toward the technique used and subject 
* content were studied. The relationship of scholastic ability to achieve- 
ment to achievement was also studied. *A significant difference favoring • 
script instruction was found for achievement in the developmental bio^ ' 
logy unit. No significant difference was found between tape and script 
groups for the^nit.on genetics. Attitudes toward the treatments differed/ 
favoring the multi -method approach. 

Simons study seems to indicate that not only is achievement related to ability, 

ith. higher ability students learning' ipore than lower abjlity students, but th^fr^.^ 

use of audio^techniques may also be subject matter dependent. This would account 

for the different results found with the two different biology units and f ar ithe 

diffemces in achievement found by Tauber (1971). 

Hosley (1974) compared field oiit-of-door approach and an Audible 
Multi-Imagery (AMI) 'presentation on concepts of balance of ^nature in 
environmental education units with 100 fifth grade students. Students 
were selected at randomrajfid divided into 4 groups of 25 students' each. 
Group 1 receivedno instruction. Group 2 received the AMI presentation. '-^ 
Group ? went on the field excursions and Group 4 did both. An achieve- 
ment test administered after treatments showed that students in the 
AMI group scored "as high as student participating in *the' field trips. / is^ 
\Students^viewing the AMI presentation scored significantly higher (p v .05) \ 
* 1:han^ students receiving no instruction. Students receiving both 'AMI \ 
and^^iejd excursion 'scored the highest. ^ 

Audio; tape instruction can be as effective as other means of instruction, 

may have differential effects by student ability level and/or reading level, and ^ 

may have differentia,! effects due to subject matter. Its most significant appeal- \ 

seems to be in freeing the teacher from unnecessary repetition and facilitating ' , 

individualized instruction 'ih wnich students can control the rate qf presentation. 



AUDIO-TUTORIAL STUDIES IN SCIENCE EDUCATION . ^ - ^ 

Tfte second most frequently used audio media- in science classroom appears to 
be audio-tutorial. The recognized 'initiator^of the audio-tutorial' method of 
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instruction is Samual Postlethwait who in 1961 first combined the relatively 
inexpensive technology of audio tapes with an individualized, self-paced approach 
to teaching yiin)ductory college biology courses (Postlethwait 1963). Since that 
time the audio-tutorial method has been adapted to many other subject areas at ^ 
the college level where most of the research on its effectiveness has been con- 
ducted and reported. Kahle (1978) summarized the research as .basigal ly comparing 
two groups,/ audio-tutorial and non audio-tutorial. Most studies followed the 
pattern already established for assessing the effecfWness of TV instruction. 
Most suffer from the need for randomization, equivalency df groups, and the appro- 
priateness of the evaluation instruments. 

Novate, Ring, and Tamir (1971) summarized the early research studies on effec- 
tiveness of audio-tutorial as, at best, as good as traditional instruction • They 
also indicated that there were suggestions of differential increases in achieve- 
ment in favor of low ability groups. Subsequently, Nordland et. al . (1975) showed 
that students below the 40th percentile on abil^^^easures achieved higher with 
audio-tutonal instruction than they were predicted to achieve. 

Kahle et.al. (1976^ tested the effects of audio-tutorial instruc- 
tion on a population oT'low ability students over a five year period. 
A-T modules with low reading levels, high interest levels, and appro- 
priate cultural and ethnic references were developed. Standardized ^ 
pre-/posttests were used to establish equivalency of groups. Records // 
were kept of time spent on task. The A-T module was found to be, as 
effective as traditional mode of teaching for disadvantaged learners. 
Self pacing significantly contributed to learner achievement. A-T 
was found.to.be more efficient mode of instruction. 
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> A-T Instuction at the Col lege -Level ' / 

* Fisher (1976) surveyed the existing researcl> on the use of 'A-T in college^ 

science teaching. -Despite the scarcity of research in-refereed journals, he 

was* able to locate a number of apparently .valid studies. He found that; ;* 

A-T college science teaching is nearly always equal to, and often superior 
to lecture methods in content learning. Of 25 comparative studies, 17 
favored A-T, 7^ found no significant difference, and only 1 favored lecture. 
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Students believe they learn more , by A-T methods 

Student attitudes toward A-T teaching tend tb be strongly positive. The 
.aspect of A-T teaching most often cited as bfeing of value to students is 
the autondmy and self-sufficiency in learn-in^ made possible. 

A-T is economically advantageous, 
paid back in 2-3 years. 



Though initial costs are high it is 



The following ten studies are typical of the 
the college level, * ^ 



research -on the use of A-T at 



Thorsland (1970) studied. the use of A-T in physics. Four-hundred- 
^ twenty students in the' elementary physics course tdok part in the 'study. 
Half received A-T instruction, half received regular instruction. A-T 
groups achieved slightly below the non A-T groups., but differences were 
not significant. 

Husband (1970) studted an A-T freshman botany^cQursQ which had 
been operating for 4 years to determine the effect, of grade in an oral 
quiz session on student learning. Subjects were divided into thresh 
groups. 6roup 1 was given an oral grade by the instructor. Grot^Z 
no oral grade was given. In both groups 1 and 2 the instuctor selected 
respondents* In group 3 no oral grade was given and respopdents volun- 
teered. There were no significant differences reported in achievement 
of the groups. 

Arnwine (1970) studied A-T in a general biology course. <€as^ette 
tapes were substituted for class lecture. Other media supplemented the ' 
tapes. The instructor met with' small groups for^two 1-hour sessions 
each week. Grades for the 18 participants were significantly higher 
than predictions based on past classes,. ^ 
* , , * ' > 

Quick (1971) investigated the effectiveness of a self-developed 
A-T system compared to lecture-laboratory approach in biology. Over 
the- semester five types' of tests wejre administered. Results showed 
higher achievement on the part of the A-T students. * 

Hoffman and Druger (1971) compared two different A-T methods, direct^ 
•in which stuflents passively receive lessons'of a descriptive or exposi- 
tory nature and an indirect method, in which students use a guided 
question-answer technique. They found the two strategies equally effec- ^ 
^ tive for teaching facts, concepts, principles^ and equal in retention. 
Neither strategy improved critical thinking abilities. Problem solving 
abilities, yowever, were significantly enhanced by the indirect method. 

Hill /1973) found that supplementing A-T materials in an otherwise 
traditional lecture course in chemistry significantly enhanced student 
. creativity and laboratory skills. . 

Both Hoffman and Druger and Hill indicate that A-T may have significant effects 

on ^outcomes other than factual recall • One of the primary objectives of most s.ci- 
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ence programs today is to develop problem solving abilities, critical thinking 
and laboratory ski-lls. A-I tnay be *A significant Contibutor in these areas as 
well. 



Rowsey arid Malcm (1975) .analyzed two methods of instruction in an 
animal Biology course to determine outcomes in student achievement' and , 
\ ^f^retention. One groupUn = 134) received A-T instruction. The other 

' Cn^^^iO) received" instruction in the conventional ^lecture-laboratory . ' J 
format; Pretest, pQsttest afnd retention test data were collected psing 1 . 
the Achievement in BiologyTest. Results indicated that the group taught J 
^\ by the A-T method scored significantly higher (p < •01) on both the ^ ' 
posttest and the ret^ehtion t^st .given 11 weeks after course instruction, 

Collins (1975) designed three A-T units for biology and tested their 
effectiveness on 650 students. The .A-T method was effective j'n that 
70% of the students achieved- the stated objectives. ^ 

/, ' 

Fisher et.al. (1976) conducted an evaluation of A-T in a genetics 
* course with 623* students. Two control groups and one- experimental gropp 
were used. - The experimental group had significantly Jower scores -on 
the pretest and significantly^higher scores on the posttest. 

Mathis and Shrum_ (1977) ''examined the relatfbnships of kinetic struc-. , 
ture, time spent on A-T, verbal ability, and achievement in an intro- ' 
ductory biology course. 'Kinetic structure is a meas.ure of the relative- 
sequence of material presented and the relative relatedness of adjacent 
■ thoughts in verbal communication. No relationships were found between - 
time spent on A-T, kinetic str:ucture,/and verbal ability. The aythors 
concluded that.high kinejtic structure communications promote learning 
and that achi^evement is related to time spent on A-T. 

. These ^en studies'^ough mostly not included in Fisher's survey nevertheless/ 

support his basic cqnclusions. .Most studies show, no significant jiifferenced in 

^ achievement using A-T. Few show A-T to be inferiof to lecture-laboratory approaches 

at the college level . ' 

A-T Instruction at the Elementary and Secondary Level 

College studies of the effectiveness of A-T instryction are done more oftpn 
and with larger samfile sizes than studies at other levels. Colleges provide 
large classes especially at the introductory course level where most A-T instruc- 
tion is- used. In addition, access to students* by researchers is not nearly as 
difficult at the college level as at the elementary or secondary s.chool level. 
Thus the large quantity of research at the college level. One can assume, however, - 
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^from the sample tested that such studies deal with higher ability students. Other 
research already cited shows clearly ihat there are differential effects by abil- 
ity level. Though these college stu^di'^s may give some indications of the useful- 




school.*^ The following six studies refer specifically^to low^r school levels. 



^ Nussbaum (1971) tested A-T instruction with second grade students.'^ 
The experiment was conducted with a sample of two groups of 26 students 
each. One ^roup received A-T instruction followed by an interview te?t. . 
^' . The other group was interviewed without any formal instruction. In tfle^^^' 
analysis of the interviews five different notyons of an earth concept 
were identified. The notions appeared in similar-frequencies in both 
groups. 

It would apiDear on the surface of Nassbaum*s study that the A-T method was 

ineffective, however, ;*it must be note'd that there was apparently no time given 

to prepare students or acquaint them^with the use of A-T instruction. This rflay 

contrfbute more to its apparent ineffectiveness that the content of the. lessons. 

Netburn (1972) studied fourth grade students presenting selected 
science activities. The control group was the teacher using' conventional 
f instructional methods. The experimental group received '/\-T instruction. 
The A-T approach, was as effective as the teacher instruction in achieve- ' 
ment of students. • . 

Mojrell et.al. fl97^) conducted, two studies using two different' 
feedback techniques with 53 self-paced\fourth graders and 85 group- 
. paced fifth graders. A four track tape recorder with programmed units 
was used.* Each teacher had both control , and expeViment^ students to 
^.reduce effect of teacher variable. Results were measured by overt 
Responding in multiple choice format as well as weekly tests, criterion 
. posttests^ and anxiety and defensiveness scales. Results indicated . 
^ that^' taped audio programmed instruction is equally as effective as teacher 
.instruction. . • , 

Nordland et.al. (1974) investigated- the effectiveness of A-T in 
.high school biology. Students were randomly assigned to one of' two ' 
. groups. The experimental group (n = 59) received A-T instruction. The 
. control group (n = 59)^ Was -instructed in a group-oriented classroom 
' . situation. Four units of biology were covered in the three week experi- 
ment. Results showed that of biology were covered in the three week/* 
experiment. Results showed thai A-T students^scored significantly 
higher in the,^ post aichievement test (p < .05). ' 

Hauser (1975j sought to determine whether any cogrtitiv^ style ele- 
*ments are related to A-T or print self-instructional packaged teaching 
strategies. Nipety-six-^high school bioloqy student.s were assigned to 
either of the two groups.' ReSuTts showed xhat* the qualitative visual 

. . \ ' ^ , 
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element domposed the unique cognitive style of high achievers of A-T 
instructional stategy. Students who derived least cognit-ive knowledge 
from the A-T mefffod preferred maximum meaning from reading or math 
symbols. ' 

The cognitive preference' testing is new to science education and is still, 
in heated controversy as to what is really being tested. However, Hauser's study * 
doe$ suggest that differences in jearning style and/or rate result in differential 
effects of tha audio media. 

Finally, Tamir and Amir have reported on the effectiveness of A-T in Israel 
schools. 

''Tamir and Amir (1975) tested the A-T method of science instruction * 
with 598 students; 473 experimental the rest controls. The population ' 
consisted of first anci second graders. Experimental students re.ceived 
their science instruction via A-T, the control with tHeir reguUr teacher. 
After one* year of instruction the A-T group demonstrated significantly 
" higher gains in science. 



•SUMMARY * ' ^ ' ^ 

This chapter has reviewed the research literature on audio media, specifiV 

cally radio, audio tape, and audio-tutorial as they apply to science educatioji. 

Though radio is. not much used in science instruction at the intermediate or mid- - 
'die schoor level Wittich and Schuller (1979), Barnard (1956), Uslan (1974)* and 

MH^s .(1940) have shown that radio can be an effective means of science instruc- 

't ' . 4' 

tion. Most studies shoW radio to be as effective as other means of instruction. 

Utilization could be improved for-commercially broadcast programs if advance an- 

' I. * ' 

notated announcements were made sucl^as those prepared fbr the Nova TV programs. ^ 

Audio tapes are-'the most widely used of the aydio media in science classes. 
They are effective for both information dissemination and skill development in^ . 
eluding laboratory. skills (Gore and Rayner 1972; Wittich and Schuller 1979). In 
terms of achievement in science audio tapes are sometimes more effective than other 
methods of instruction-^CPresnell 1971; Atkinson 1972) but most frequently are 
*shO)rfn to be as effective, that is, no significant differences (Hoffman 1969; 
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Holliday 1970; Holliday 1971i'luttren 1971). Other studies (Presrren 1971; 
Atkinson 1§72; Simons 1972; Kroll 19,74) indicate- that audio tapes have differen- 
tial effects on students with low ability students gaining more from audio tapes 
that they can control. Compressed speech studies (Sarenpa 1971; Rippey 1975; 
Perrin 1976) show that students can learn more efficiently using compressed 
speech, that 1 istening 'speeds cafTbeThcreased as much as 50% without loss of/ 
comprehension (Wittich and Schuller 1979), and that such speech compressors are 
effective if students control the speed (Rippey 1975)/ ■ ' 7 

* / 

Audio-tutorial 'methods have been used^extensively at the college leve/ espe- 
cially with large introductory classes with lesser use in elementary and secondary 
schools. Fisher (1976) has best summarized the results. of research on A-T instruc 
tion at the college level, A-T instruction is nearly always equal to or better 
than lecture laboratory instruction. Students believe they learn more from A-T 
instruction. Student attitudes toward A-T instruction tend to be strongly;,pbsi- 
tive, and that A-T instruction is cost effective with a payback time of 2 to 3 
j^ears. These conc^lustions^are supported by Thorsland (1970), Husband (1970)., - 
Arnwine (1970), Quick (1971), Hoffman and Druger (1971), Rowsey and Mason (1975), 
and Fisher et.al. (1976). - ^ 

The effectiveness of A-T instruction in elementary and secondary sphools is 
less clear due to fewer dl early valid studies having been done and reported. 
However, the findings of effectiveness of A-T for college level science courses 
seem to be supported by Nussbaum (1971), Netburn (1971), Worrell et.al. (1974), V 
Nordland et.al. (1974), and Tamir and Amir (1975), 

CONCLUSION > ' ' ^ / , - 

Audio instruction including radio, '.audio ^a^p^e^ and audio-tutorial instruction 

though not shown to be more effettive than other instructional strategies has 

nevertheless been shown to be consistently as effective as other ^strategies for 
* . 

r t>0 



effecting student achievement. Though i^^^ars that as with other media of 
instruction"the higher ability students learn more that lower'abilfty students, 
audio is particularly effective with low ability or low reading level students 
especially when tHeyxan control the playback and speed of the recordings. No 
studiW were found wh^'ch investigate^ the effects of audio on attitudes toward ' 



science, however, several studies have shown tha-t students of various age levels 



show favorable attitudes toward audio instruction, 

\ 

With the evidence that audio instruction is as effective as other strategies 
selection of audio as a means of instruction should then be based on other crit- 
eria. Among these are its ability to address individual needs in that students 
can hetve access to the audio media when they need and as often as they need. In 
addition, teacher time is freed avoiding needless'^epetition and enabling the 
teacher to better address other student needs. 
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Chapter 4 
PROGRAMMED LEARNING 



ERIC 



EDUCATIONAL COMMUNICATIONS AHD TECHNOLOGY, AS APPLIED TO 
SCIENCE EDUCATION IN INTERMEDIATE/MIDDLE SCHOOL ' ' 

PROGRAMMED LEARNING 



INTRODUCTION - - / _ 

/ 

This chapter will review the more recent research on programmed learning. % 

Programmed learning- includes. programmed texts, teaching machines, learning labora- 

' . ' -9 ' 

jtones^ audio-tutorial , computer programs, computer managed instruction (CMI), 

computer assisted instruction (CAI), simulation. and games, and dial access systems. 

Significant ampunts of research have been conducted in this area during^ the last 

fifty years particularly with emerging educational concerns for individualized 

instruction. The following overview of research in this area will be divided into 

four broad sections\ audio-tutorial, individual ized' instruction, programmed , 

instruction, and computer assisted instruction. 

AUDIO-TUTORIAL INSTRUCTION . " ! ' 

Audiortutorial instruction has been adequately rjeviewed in the previous chapter 
on aijdio research* however, a brief summary of the research findings isJ^warran^ted 
here. Ai|dioirutorial instruition had its origins with S. N. Postlethwai t who in 
'1961 first combined aydio tapes and individualized' instruction to develop a self- 
paced approach to teaching introduatory college biology courses (Postlethwait 1963). 
Since that time the audio-tutorial m^hocl'' has been adapted-and tested in many othejr,^ 
settings including 'elementary an^ secondary schools (Kahle'l978)*. 

Results of numerous research studies seem to indicate that audiortutorial 
instruction is nearly always equal to or better than lecture/laboratory instruction 
and that student attitudes toward audio-tutorial instruction tend to be positive 



(Fi;sher^^76; Kahle 'T978-). The effectiveness of audio-tutorial instruction in 

■ / 



elementary and secondary schools is less clear, however, the findijigs seem to 
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support the findings* for effectiveness of audio-tutorial instruction at the 
college level for science instruction. ^ 

* « 

INDIVIDUAirZED INSTRUCITON 

Educators have advocated individualized instruction in the classroom for 
a number of years, but have done little to implement it in practice. Most 
efforts have concentrated on 'having students work at their own pace and giving ^ 
additional ^attention to students who seem to need it (Wittich and Schuller 1979). 

Q 

Instruction may be classified as individualized if experiences are specifically 
designed for each individual student taking into account background, knowledge, 
expenience, ability level, interests, etc. There have been several attempts at ^ 
individualizing instruction which have tried to allow for individual needs of 
students ;in the instructional design. In a review of<'Such studies Ramsey and Howe 
(1969) conclude that individualized instruction is a viable alternative to clftss- 
instruction. Even very young children can work alone on preplanned experiences / 
using quite sophisticated.^aids with minimal teacher help. However, they go on to 
• suggest that each child should have the opportunity to develop science concepts 
and si^ills in^both individual and group situation^. The outcome of one kind of 
ijjstruction will complement rather than^ parallel the other/ 

Royce and Shank (t975) ^viewed 21 research articles comparing individualized 

methods with traditior^al group-paced instruction between 1967 and 1974. / They;?* 

% " . • ' 

''^ound that student achievement of cognitive objectives- were equal in either setting. 

Similarly, there were no sijgnificant differences in critical thinking ability or in 

(I) " ' • 

inquiry skills. There were^^-^ however, some indication of differences in achievement 

measuring understanding of s^cience with two repprtOhowing significant gains^by 

the individualized classes. Some studies reported student feelings of isolation and 

boredom while one s.tudy concluded that students in indiyidualized;classes missed 

an important* part^- of their education, that is, social contact with peers. ^ 



The' following selected studies on tiie effectiveness of individualized science 
instruction are typical of those found /in the literature. 

Baum (1965) tested the feasibility of individualized instruction in science 
for fifth graders. He devised a series of pretests of skill's and knowledge so 
that student deficiencies could be identified. Each student was then assigned 
^ a kit specifically designed to help him acquire Ihe skill identified as 
deficient. The method was found suitable. Evaluation was carried out^ by 
observing students' reactions to instruction. 

O'Toole. (1966) compared an individualized method with a teacher centered* 
approach in teaching science to fifth graders. He found no significant 
differences in achievement, problem solving ability, or science inter^est. The 
teacher centered approach stressing problem solving was more effective in 
developing the ability to identify valid conclusions. The individualized 
approach'was more effective in developing the ability to recognize hypotheses . , 
and problems. ' j ■ j 

It seems likely that group methods of instruction. will develop some outcomes 

more effectively than individualized methods, while other outcomes will develop 

more effectively in an individualized situation. This supports the findings of 

Ramsey and Howe (1969). * 

Heffernan (1973) compared the effects of two methods of science instruction, 
individualized and traditional. Eighth grade students (104) were randomly 
assigned into groups using the Solomon Four, Group Design. 26 were assigned 
pre-- and positests from the experimental group, 26 received posttest only. 
26 control group students were assigned pre- and posttests, while 26 received 
posttests only. Instruments indluced TOUS Form W Scale 1, TOUS Form W Scale 2, 
TOUS Form W Scale 3, "'Form Ym of the Watson (Jlaser Critical Thinking Appraisal, 
and the Science Attitude Survey. All 104 students were taught- by. the same 
teacher. Results showed no significant differences in mean scores of experi- 
men^tal and control groups on TOUS Scales 1, 2, or 3. There were no significant 
differences in meart scores on the Watson G^ser Critical ThirTking Appraisal oy| 
the Student Attitude Survey. ' ; 

The Heffernan study indicated evidence of teacher "leak". .That is, the teacher 

may have increased group activitiy in the individualized classes due to its apparent 

success in the traditional classroom. 

Reed.^- (1974) examined student achievemeirit, attitude toward science and 
self concept of ninth grade physical science students in- an individualized 
Science program and in a tradtional science class. The sample was 1.50 experi- 
mental ^students enrolled in an individualized class and/l50 ninth grade students 
in a traditional class. A postt-est bnly control group design was* used.. 
Instruments included the Stanford Achievement Test - Science, Remmer^ s 'Attitude 
Toward Any -School Subject Scale, and the Piers-Harris Children's Self Concept 
Scale. Conclusions were l)'^physicaj sciencelstudents in the individualized classes 
.''^i showed no. significant difference in achie^ment frorrt students-i'n traditional 
''^^ classes, 2) there were no significant differences in, attitude toward science 




3)' there were no significant differences in self concepts of students, 

Ramsay (1975) sought to determine if there is a relationship between- 
the number 6f ISIS mini courses* completed which contain the same cumulative* 
objectives and ac^^ievement gain on a posttest and/or reading comprehension. 
Four high schools participated in. the study with 396 students in 22 classes 
taught by eight science teachers. There was at relationship between a student's 
achievement on pre-t^and posttests njeasuring o.ne cumulative objective and the 
number of mini course^ completed. There was no relationship between a 
student's achievement on pre- and posttests measuring four cumulative objectives, 
and the number of minicourses completed. A student's reading level does not 
determine -achievement of the ISIS minicourse cumulative objectives, 

Ramsey's study. seems to indicate that repetition in individualized instruction 

should be used with caution, ,It ag|||rs that once learned reo^iticn does not 

• lead to significant achievement gains and thus may be a waste\4 student time and 

effectively inefficient. One may conclude then that such' materia 1-s must not only*" 

• * 

be carefully crafted, but must also be carefully.. sequenced with proper options 

available once skills or concepts are attained. ^ / 

Sheehan and Hambleton (1977) compared four insty^uctional strategies 
along wit-h several student variables including student anxiety levels, 
285 student^' in ninth grade science were randomly "assigned to fouc treatment 
groups; 1) teacher directed treatment - teacher lecture, 2) media treatment - 

* studetits worked alone or in pairs on works4ieets used in conjunction with 

one video and'seven audio tapes, 3) reading treatment - students read handout 
materials and worked Slone,'4') programmed instruction' - students worked alone 
on one set of five^- booklets oT 185 frames of programmed material, Ty/elve tests -i 
wer^ administered including a f^odule Achievement test, immediately after the -t 
t^st period and'again one month'^later and an anxiety scale, Though^most 
^ results were unclear teacher directed treatment tended tO'/be superior in 

student achievement gains. The performance of students in programmed instruction 
treatment is markedly affected by their anxiety scores. L^s^anxious students 
sfcore^much higher on the acheivement test than do highly an)ji6us stufieats. 

Again it seems that individualized instruction is not appropriate for all 
students. Such factors as anxiety of ^students may well affect their ^bility to 
gain significantly using this learning approach., . 

From the studies on individualized instructiqh i± seems that student achievement 
using thts method may be equal to that of other instructional strategies. Further 
Individual izejd instruction is equally effective in producing gains j-n critical- thinkihg 
s(j:ins and in developing inquiry skills. It also seems^clear that individualized 
instruc^Bon should not be the exclusive mode of instruction, but is most effective 



whervused in combination- with other instructional strategies. If trully individualized 



instruction is. to take place care must also be taken to match appropriate strategies 

/ 

to individual /needs. Such factors as anxiety levels and ability levels may indeed 
affect .performance more than the instructional strategy usad. 



PROGRA^!MED INSTRUCTION ^ ^ . . . 

Jhe role. of progrTammed instruction in schools has had considet^able attention . 
from researchers particularly since such programs encourage individual' student work, 
and freB the teacher frOm direct instruction to perform other tasks. Ramsey, and^ 
Howe\{1969) Qpncluded from their review of programmed science instruction that \ 
el ^men^ary students can learn from programmed instruction* Learning outcomes are \ 
'further enhanced when programmed instruction is integrated, with laboratory experiences. 
Programmed' Instruction vs Traditional Instruction 

' ft 

The "following studies compared the effectiveness of programmed, and tradfefonal 
instruction. 

Nasca (1964) conducted an evaluation 6f three methods of presenting science 
laboratory materials. - Five experiments with eighth grade students were con- 
ducted to evaluate temporal^ relationships between the methods and the effective- 
ness of the methods. Measures of ability to solve work and energy problems 
were obtciined from subjects who observed, r?a*d, or received only [programmed 
instruction with laboratory experience. All methods produced significant 
gains. Multigroup comparisons by analysis of covariai}te showed that effect- 
iveness of procedures used was highly dependent upon the testing instruments 
used. No significant difference among the methods was observed.' • • 

McKee (1966) investigated whether a combination of conventional and 
programmed instructiqn was more effective than conventional instruction alone 
in teaching ninth grade physical science. Three treatment groups were 1) 
conventiional instruction, 2) prograinmed instriictioa used to initiate in- " 
struct! on and 3) programmed materials used to review a^'siignments. The 
criterion referenced? test administered as both a pre- and posttest was divided 
int& two parts, recall and *appl ication. Twenty three, intact , classes (547 
students) ^were randomly assigned to the treatment groups. Results showed no 
significant difference between/the three adjusted gain scores of the treatment 
groypps. There .was no significant, difference between the gain^ scores of the 
five teacher groups. Fur^theLr, students tended to become tired of the programmed 
. materials toward the end of the/unit, however, the majority felt that the-, 
programmed materials had helpecf them and they expressed a desir^ to. use them 
agaiij. • . ^ 



Ca.rnes, Bledsoe,- and .Vandeventer (1967) compared the effectiveness of a-' 
nonprogrammed, problem solving method of teaching seventh grade science and 
that of a programmed, problem soWihg approach through selected, open-ended 
laboratory experiences. In the experimental sections (n =106) .teachers were 
* instructed not. to use any materials other than the programmed laboratory - 
materials.. The control groups ( n = ^15). received instructiln in t\}e same • 
content as the experimentaj group, birt with no "programmed materials. -A 
criterion referenced test ^was admi'ni stered as > pre- and posttest ,al ong with 
the Kuder ^efieral Interest Surya^i Results showe-d 1) students achieved 
^significantly higher factual science knowledge from -tionprogrammpd i?.ate'rial^^, 
'2) students achieved siqnjficantly higher conceptual science subject matter 
from rtonprogramned instruction and 3)" tl^ere ^was no signific;ant difference - 
invbhange- in interest in science using eitheV approach. , * * 

^ Eshleman (1967) measured the effectiveness of programmed instjruction 
in comparison with conventional methods i-n teaching factual information in 
eighth grade science. Twelv»e classes of over 300 students were divided into 
1) six experimental classes which studied a two -week unit 6n the soJ 
system using a commercially produced programmed text and 2) six coiftrol 
classes which studied the same subject matter by conventional roeffn^! Later 
. in the school year the groups were reversed for a two ^ek unit on cells. 
Results showed 1) both methods produced significant gains in fac"tual knowledge 
both immediately and after a six week period, 2) the conventional group 
"scored significantly higher than the programmed instruction group on both 
immediate testing .and on retention testing, 3). there were no significant 
differences between above average ability subgroups .for both immediate and 
• retention tests, 4) there were no significant differences betWen below 
average ability groups for. retention tests. ' • ^ ' ^ 

Both these studies**indicate superior achievement for students in conventional 

classrooms, ^th studies appear well desvgnetl and include reasonable controls for 

intervening variables. However, other studies do not show consistenx results. 

Oarnowski (1968) compared learning and retention of pjrinciples, of, nuclear 
chemistry in*^ high schpol chemistry course using three forms of programmed 
materials and -the cojivfentiofial' lecture/demonstraB^'on method. Students who, 
participated 'in the study were assigned to 4 groups each with 26 studen^ts... 
Three exp,erimental groups were identified 1) linear" short step 2) linear long 
step and 3) branched ^programmed instruction. The long.^step form deleted re-' 
■ -petitious prac1;ice and review^ frames while the branced form allo>/ed students . 
who correctly^ answered the key test items to skip^ver the repetitious* frames. 
During the study, experimental programs were administered by the regular teacher. 
Results indicated that 1) all groups learned a si gnil^i cant' amount, 1) the^ 
programmed ^groups as a whole gained significantly more than the conventional 
group, 3) the control group had a significantly greater retentiqn of facts and 
^principles after a two month period, and 4). the branched grodp learned signi- 
ficantly more than the control groups ' ' . ' ^ . 

^ Darnowski's study raises questions about the' appropriate use of programmed * 

instruction. Perhaps used in, selected ways it can produce significantly greater, 

effects. Further, it may be more appropriate at higheir grade levels where' si: ujients 

are more mature and more responsible for their learning and behayior. It can also 



be assujned that Darnowski dealt with above' average sttidents since only such students 



tend to tak^ high school chemistry, * ' . . 

- Moriber (1969) tested the effeeti veness-Vof a three .week* prograimed unit % 
?n ^omic theory and chemical bonding against the conventional lecture/demon- 
strjftion method in a physical science course for noViscience college jnajors. 
The py^ogrammed unit was administered to 120 students. Another 120 students 
served as controls receiving Hgular lectures. Results indicated that the \ 
programmed ujiit produced significantly greater, gains in knowledge as [yeasurea^ 
by "criterion referenced tests, . 

Strickland" (1972) compared the achievemen^t -of junior college biology 
- students taught by programmed vs lecture methods. The experimenfa,! group 
^ used prograiroed materi'als while the control group used the regular text. 
Tre- and posttests. were admini^stered. Results showed that students using 
the -programmed materials improved significantly more on the' achievement 
test than did the pontrol group. Neither method seemed to affect critical 
-thinking skills or to affect motivation, ^ ? 

Flowers (1977) investigated the comparative effectiveness of programmed 
instruction ^with teaclier ^centered instruction, 175 eighth grade students 
were involved in the semester study. Both programmed and conventionally 
instructed students increased sk'ills in comprehending weather and climate, 
TJiere was no significant difference between the treatment groups in achievement, 
.flowers suggested that optimum learning would result from a combination of 
' approaches, - ^ * " 

from these studies it appear? that foK; intermediate or^middle school students , 

p^grammed instruction is just as effective as conventional instruction in science". ^ 

At the high school or college level programmed instruction may in fact be more 

effecJtiYe than conventional lecture approaches. It is also clear that a combinati 

o1^^' instructional strategies is most effective in increasing student cognitive gains. 

Attitudinal Studies Using Programmed Instruction - - ' ^ 

• . ■» 

SeveraT>.researchers have investigated the eflfect of programmed -instruction in ' 

science on. attitudes of students, A few of the these ^re reviewed in> this section, 

Taylor (1965) took 89 fourth grade stud,ents who ^ used'- programmed matferials 
for 4 months and 16 fourth grade teachers. Analysis of the relationship. of 

• selected teacher personality characteristics toward programmed instruction 

was conducted. Teacher attitudes toward pnpgrammed .instruction were correlated 
with with student attitudes,' Teacher att^^Sfties did not correspond to'vafied , 
student attitudes, 'Teachers accounted for 18% of the* variance in predicted 
student achievement while student personality accounlexl for 46% of the predicted. 
^ student achievement. ^ • ■ ' 

Frey,{1967) studied 74 eighth gl^aders enrolled -in a -general science class 

• to determine' attitude cBfcmges related tg instructional methods. Students were , 
divided into four classes all* taught by the same. teacher. Jhe methods. o-f 
utilizing programmed materials wefe varied by two dimensions 1) in or out of ' , 
class use atid 2) teacher or student regulated scheduling of ra^te of progress 
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through the materials. Findings revealed that the total group droppea in its 
a ttitude^^ toward programmed "instruction during the second semester and that 

' this drop was^ statistical ly .significant. There. was also a marked decline in 
achievement. It was concluded that 1) the continued intensive use of programmed 
instruction over an extended period of time without relief through other 

* modes of instruction is not recommended and 2) the prtblem of motivation for 
classroom learning is perhaps" the most persistent ot formal education and that 
programmed instruction ?ioes not appear to address this pro'blem. . 

Attitudes, toward progra^mmea instruction vary with students being more favorably 
disposed to-*it than teachers. Students soon become bored with programmed instruction 
and seek relief through other ^eans of learning. Ihe.se studies support those reviewe( 
earlier in this'chapter favoring a combination of^ instructional strategies for 
o'ptimum learning and motivation. * ^ ^ 

Effect of Intervening Variables on Effectiveness of Programmed Instruction 

As with any instructional strategy intervening variables have differential 

effects on outcomes. A s-ignificant number of studies* have investigated student, 

teacher, and school factors which may affect the impact of programmed instruc^on. 

Taylor (1960) investigated the effect of pupi i beha.vior and characteristics 
and teacher attitudes on achievement when programmed science materials are used 
at the fourth' grade level. Teacher attitudes, combinations of student and 
teacher attitudes, student intelligence, interest,' and initial knowledge of 
science, along with other selected personality and performance factors all 
contribute significantly to student final achievement. The study indicates 
that any given set of programmed science matenals cannot meet the .needs of . < 
all stutlents at any given grade level. * ^ 

Blank (19,63) investigated developing inquiry skills through programmed 
instruction. The^ programs trained students to ask questions, about t-he relative 
dimensions of problems before attempting to solve them. He found .that 
students given inquiry training asked si^gnific^ntly more questions on oral* 
•and written criterion tests than did students in control' grpups. This im- 
provement in inquiry skills was not at the expense^pf other achievement criteria. 

Dutton (1963) investigate^ student achievement using programmed materials' 
on heat, light, and sound with fourth graders. ^He found that ^students did 
proceed at different rates and that they could perform simple science experi- 
ments with little teacher supervision. Pupils usjng prqgrammed materials 
learned concepts more' efficiently than students taljght by* conventiohal methods. 



Fleming (1963) conducted a comparative experiment between conventional 
and programmed'- use of educational .film with 'seventh grade science students. . 
Approximately 400 students from 5 schools were involved In the Experiment. A 
posttest .and retention tesxiwere used^ to. measure aahievefnent. Findings In- 
dicated that ffroftrammed *use of film^ resul ted in significantly greater * 
achievement and retention than just showing the filnr and that programriied 
instruction was an effective way of increasing attention; r 
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Crabtree (1967) studied the pelationship between score, IQ, and reading 
level of fourth grade students by structuring programmed science materi.als 
in different ways. Linear programs seemed preferable to brancned versions 
since the same' amount of material was learned in less time. Other findings 
were of the no significant difference type. 

Note that Crabtree's results are at odds with those of_Darnowski (1968) who 
found ^that branched versions were significantly more effective in effecting achieve- 
ment gains in chemistry than other structures. This may be due, to differences in * 
age or even ability levels ratner than actual effects of differences in structure. 

Filep (1969) conducted three experiments on the use of prograorad learning 
to teach general science to eighth grade students. Three visual stimulus" modes 
and three audio stimulus modes were used with either linear or branching programs 
Subject content was nonconcrete, concrete, or action process. Learner character- 
istics treated as independent variables were IQ, sex, .achievement, ethnic 
background, parent's occupation, and apptitude. Automated -teaching devices 
were used which incorporated both filmstrips and slides. Data collected on 
amount learned were analyzed. IQ score was found to be the best predictor 
of Achievement. Ethnic backgroynd accounted for only a small portion of the 
total variance. A positive correlation was found between achievement and 
.parent's occupation. No sex differences were found. Disadvantaged children 
learned best with. the branching, nonverbal, sound treatments. 

. Not only has Filep identified significant intervening variables particularly 

IQ^and parent occupation, but he has also shown that treatment effects are different 

for different students.. Such findings certainly compounds tne problem of preparing 

programmed -instructional materials. If indicates that only a highly ^ki'^lled teactier 

who has intimate "knowledge of each , student can successfully prepare the right 

combination of instructional materials fpr optimum learning. 

» > • 

Awkerman (1969) compared an auto-instructionalVprogram on the process of 
measurement in which the control group of 158 fourth and sixth grade students - 
. worked alone with an experimental group in which fourth' arade students (169) were 
randomly paired with sixth grade students. ^ High, medium, ^and low reading levels 
were ranked. The paired students were aske'd to discuss and assist each other 
with frames answered 'incorrectly;- Resujts showed* no sTgnificant difference 
in treatment on the achievement or. self^ concept measures. The experimental gr*Dup 
required a significantly longer completion time. *- 

O'Reilly (1969) investigated anxieiiy, creativity, and intelligence factors 
in relationship to progranmied instruction. He .chose 80 boys and 55 girls in 
nine sixth grade classes. An additional 40 boys and 37 girls in four sixth 
grade classes sferved as controls. The program suggested that-verbal IQ and 
pretest would have little or no, relationship to achievement when the programmed 
/materials were used with appropriate , selected learners. ^ Subjects received^lO 
lesstfns using a linearly constructed response program. The.fJssults showed that 
none of the creativity variables or the interactions contributed significantly 
to achievement. * ^ , , . 



\ 

Marshall (1970) tested the effectiveness of a programmed text used in 
conjunction with regular classroom instruction in four tenth grade biology 
classes. ^ Students were of three different ability levels. Each group was 
divided into two groups 1) experimental group using the programmed text .to 
review class instruction, and 2) control group given conventional assignments. 
Significant differences were found among stuaents of different ability levels. 
High achievers (IQ) were the highest performers. Low achievers performea at 
lower levels and made smaller gains. Control and experimental groups showed 
no significant differences in gain scores, midterm examinations, or final 
examinations. No significant differences were found on tne basis of six weei< 
grades. Experimental students did, however, complete d significantly higher 
percentage of assignments. Students using the programmed materials indicated 
that they liked them. 

.iMarshail's study sheds some doubt on the effectiveness of combinations of 

^ programmed materials with other modes of instruction.'^ His 'Study is limited in 

scope and in the particular way in which the materials were used. As noted earlier 

others have indicated that combinations of instructional techniques lead to 

better student performance. 

Fryar (1971) defined underachievers as students with IQ scores of 90 or 
above whose performance on standardized achievement tests ha'd been at least 
a full year below grade level.,, 236 students were randomly assigned to an 
experimental or control class in four 'junior high schools. « Programmed mateTial 
were used~'4!»- the experimental group. For two of the four units studied 
gain scores were significantly higher in the experimental group. Findings 
, suggest that underachievers interacting with programmed materials exhibit 
greater at:hievemgnp gains than*by using conventional materials. 

Several studies have researched the effects of, pacing of progran*jnecl>^material s 

* on achievement; The following are examples. 

\Kress.and Cropper (1964) presented programmed lessons in science over 
television to eighth grade students. Twelve separate versions were compared 
including three versions differing in prompting strength and with each of these 
versions presented at four different tempos. ^ Comparisons were made^among 
. treatments, Results provide tentative support for involving multiple program 

sources to accomodate individual differences during fixed pace instruction. 
..^Added prompting technique reduced error rates but led to lower achievement. 
"In order to learn effectively,, slow learners require slow, fixed pace. . The 
'imposition of the same pace on fast workers results in a drop in effectiveness 
as well as' learning efficiency. Findings suggest that tne need for at least 
two progifam .sources delivered at different rates is desireaDle. 

Kress and Gropper further report (1964) that the pace at which-a student 

works on a progi^am can be nonadaptive whether it is se>f paced or externally paced. 

It can be too fast be compatible with high achievement or it can be too slow 

to be compatible with learning efficiency. Individualization of instruction can 



^ ' be best attained by' a pacing strategy that can maximize learning effectiveness and 
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and efficiency, 

Programmed instruction,- then, is generally equally effective as conventional 
instruction but should be used with caution. Overuse may result in lack of 
interest, motivation, boredom, and lowering of achievement. Several variables have 
been found to have effects on achtevement using programmed materials. These 
inc\lude different learning rates, differences in abil i ty' -level s, parentis occupation, 
and pacing. Programmed instruction a^iparently can also* be used to de.velop inquiry 
skills and can be an effective way of 'increasing attention -to tasks in class. 



:OMPUTEf^ ASSISTED INSTRUCTION 

Wittich and Schuller (1979) identify four legitimate instructional uses for 
computers, drill and practice, tutorial uses, simulations and games, and informa- 
tion handling aids, Feldhusen (1969) notes that there are some things which CAI 
is^able to do better than other media: 1) secure, store and processu>information 
%rx - about a student's performance prior to and/or during instruction, 2) store large 
amounts of information and make them available' moreVapidly than other media, 3) 
^ provide; programmed control over other media, 4) provide a convenient way of 

designing and developing a course of instruction, and 5) provide a dynamic inter- 
action hetwefen student and program. 

Zinn (1979) has attempted to summarize the research on computers in science ^ 
education but points out that virtually all of these use a technology or approach 
which IS now obsolete. In previous studies computer time ha.s been valued more 
highly than -student time but with the advance of handheld calculators 'and micro 
processors this is no longer the c^^se. Zinn identifies six roles for the computer 
in science education; delivery system, assessment tool, management aid, develop)nent 
system, study aid,^and research tool* , 

Keeping in mind that the technology used in research on the use of computers 
in instruction is now obsolete, the following investigations indicate the general 
findings of such- studies and the basis from whj^h new studies will begin. 
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Dasenbrock (1970) investigated the validit^ of the use of CAI as a tool 
in formative curriculum evaluation. A, comparison of. student performance using . 
the ISCS .progratn in CAI and nonCAI'.cTasses was made..' The CAI student sample 
. consisted of 20 students. The nonCAI sample of 40 students were selected so 
as to match the experimental, group by ability levels. The California Test of 
Mental Maturity, Metropolitan Achievement Test-Reading, and the Lincoln-OseretsKy 
Test of Motor Proficiency were given. Results indicate that CAI and nonCAI 
student performance was similar. 

Arsenty and Kief fer (1971 ) reported on a study of the teaching effective- 
ness of CAI using the PLATO system in first level, biology courses at the 
University of Illinois. At the conclusion of the study data indicated that 
PLATO had the potential^to become an effective adjunct .by 1) increasing 
student comprehension of lesson material, 2) actively engaging students in 
learning processes, 3) significantly reducing the amount of time spent on 
lessons, and 4) contributing to hi gner .e'lxami nation scores. 

"Summer! in (1973) examined the degree of retention of materials presented 
in chemistry after a sixty day, period bbtween those students receiving their 
instruction via CAI and those receiving instruction in the sarr^e topics us^ng 
more traditional methods of instruction. A total of 110 high school students 
were randomly selected to participate in the study. 58 were assigned to the 
experimental CAI group, 52 were assigned to the control group. The experi- 
mental group received tutorial type CAI and the control group received 
.lecture/demonstration. Posttests and -retention tests showed that learning 
and retention were higher in the control group, however, the CAI produced 
faster learning, more student interest in ancf better attitudes toward science. 

Though studies similar to these seem to indicate no or little difference 

in leaning outcomes there may, in fact, he effects related to efficiejicy, altitudes 

and interest. * ^ . 

Lasater (1971) evaluated a CAI program involving applications of chemical 
principles. The development utilized a systems approach and included 
specification of the terminal behavior and of entering skills^ a description . • 
of i'nxermediate objectives and theija^'arrange^ent into a learning heirarchy, 
\ and ^he development of an,;instructional sequence. It was concluded that the 
' program performed satisfactorily with respect to increased student ability 

to demonstrate the desired terminal behaviors and with respect to individualized 
instruction. The post program achievement of the terminal behavior seemed to 
be inversely proportional *to program patrv length. 

, Gardner (1971) conducted a study to determine the relationship between 
psychological readiness and achievement on a CAI program for science teacher 
education. The teaching skill selected was the identification and use of 
behavioral objectives. The range jfor teaching experience was, from 0 to 36 ♦ 
year§. The 'subjects participated in a CAI science program. Results indicated 
that students were* gerierally successful in learning the identification and use 
of objectives taught by CAI. * X 

J Thomson (1971) explored the use of computer simulated experiments as a tool 
, to diagnose elements of proposi tional thinking in cognitive functioning in 
t 'intermediate school age students. The study was built upon the following:' 
1) the cognitive role is an impor^feant function of the school, 2) the intermediate 
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• school student! science experience U largely propositi„pnal- thinking, 3) 
cognitive functioning proceeds toward formal operation's, 4^ experiments 
using scientific methodology requires elements of propositional thinking, 
5) there is a need to diagnose. stages of cognitive development and 6) 
the capabilities of the computer and computer simulated experiments for 
propositional diagnostic purposes is^ realistic. 

Similarly, Liao (1971) examined the effectiveness of analog computer 
r simulation as a pedogogical tool for learning intellectual abilities and 
skills. Thirty six students participated in the study. While all subjects 
were stuclying model concepts and skills in class, the investigator met in- 
dividual Vy with each member of the analog and science activity groups four 
times. He found no significant difference in posttest achievement scores. 

Lunetta and Blick (1973) evaluated a series of computer based dialogs 
' ' in introductory physics. The simulations paralleled the inductive experiments 
developed by the PSSC through which i^ewton's Second Law could be general izea. 
Three treatments were used. 1) Group 1 (n -51) interacted with only tne film 
loops developed in the study and with .computer interactive dialogs, ^) Group d 
(n = 41) did not have computer access and interacted WTtn the fiimloops and 
simulated data and problem sheets prepared from ths' computer- lesson?, 3) 
Group 3 interacted only with their teachers and laboratory materials. Results 
after 3 month's treatment indicated that 1) learning of concepts was signi- 
ficantly greater for group 1, 2)^ students in group 3 spent 8.i times as long 
in instructional unit activities as did students in groups 1 and 2, 3) group 
2 exhibited a conceptual loss on a 6 month retention test while group 3 showed, 
no significant loss, and 4) group 1 and 2. showed favorable attitudes toward 
simulated units. « 

• Lunetta and Blick provide some stimulating data on tf^ effectiveness of CAI ■ 
simulations specially in light of increasing costs of laboratory equipment and 
supplies. With computer cos^aching reasonable levels CAI may be able to take 
over some of the laboratory experience especially for dangerous or expensive ex- 
periments. * • I . 

Hughes (1974) assessed the effect of 'c^bmputer simulatedyxperiments 
on attainment of process skills and acquisition of subject content in high 
school physics. 51 students from 2 high schools were .rai^ly assigned to . 
one of three groups, 1) a lab group which performed experiments, collected 
data -and analyzed it in the traditional manner, 2) a lab/computer group which 
-set up experiments performed one trial to collect sample data, but then used 

* computer simulations to .obtain data for analysis, and 3) a computer group 
which had instruction sheets which described the experiment but jised the 

, computer exclusively to "derive their data, ftesults showed that both computer 
groups scored higher than tlie lab group. The* lab/ computer group nad the 
highest mean scores on the content examinati^on., The lab/computer group and 
lab group had higher mean process skill test scores but not at a significant 
■ level. The computer group performed more trials than the lab group and 
i required more time to finish. The lab/computer group showed more favorable . 
attitudes toward the computer than the computer group. 



Hazen (1974) compared the effectiveness of an innovative simulation 
game to traditional question and answer teaching. Effectiveness was measured 
in term^s of immediate cognitive gains and retention of cognitive learning. , 
A nonequivalent group design was used with four intact tenth grade , bio 1 0,97 
classes in two* schools (n = 116). Classes were randomly assigned "to expjeri-, 
mental and contro,l groups. The design involved a pretest, 'a 4 day -unit, 
posttest, and retention test given 3 weeks later. Content of the classes 
was the same. The experimental group p-layed a .simulation/gamie with d^ily. 
15 minute debriefing sessions. The control group usa^-m^e Iraditional in- 
struction including movies, question and answer, and discussion. Results 
showed no significant difference on immediate cognitive learning. A signi- 
ficant difference was found on retention favoring tne simulation group. 
Student attitudes toward gaming was not significantly related tq posttest 
i scores but was significantly related to retention scores. 

It seems clear from these studies that CAI simulation is an effective means 



of providing laboratory experiences at least vicariously. It is equally clear that 

combinations of techniques result in higher achievement. 

I - / 

Culp (1975) developed and' tested 32 CAI lessons in or^anic^chemistry. 
The modules were^ersigned as supplements to the traditional course and 
' emphasized tutorial drill and experiment simulation applications in some of the 
basic organic chemistry^ concepts^ No significant differences were found in 
achievement between students using the CAI and those who did not. 

Barnes (1976) investigated the role ojjjlearner controlled instruction 
in CAI. Using multiplication as the vehicle snie looked at the effect of 
allowing the learner to cletermine the type of feedback desired. A CAl'drill 
1 and practice program was written consisting of 5 types *of problems^ . 68 

subjects in grades 4-8 were randomly assigned to six treatment combinations. 
Re,sults showed nT) significant differnece among, the treatment conditions. 

Staniskis (J977) compared biology test scores between 42 junior high 
school students taking a computerized biology course and 31 students in 
seaioc high school taking a non computerized course. The computer instructed 
junior high group^scored significantly higher on posttest achievement tTian 
students in the' non computer course.* 

Knight and Dunkleberg^r (1 977) < sought' to determine the influence of 
cfomputer managed self paced instruction on student attitudes toward science. 
Students experiencing computer managed self paced instruction were compared 
with counterparts in a traditional group paced teachi?r managed classroom. 
Subjects were ninth graders enrolled in a one year physical science course. 
46 students participated in the computer managed classes, 48 in the regular 
class instructiefi. Computer managed self paced students achieved significantly 
more positive attitudes toward science than students in the conventional 
cla^s instruction. - " !• , 

Results of research on CAI indicate that it is in effective instructional 

medium for s^cience. Given the. advances in new technologies, lower costs, and 

j the advent of home use of computers it is reasonable to expect that research 

findings using today's available computers may result in even greateip^jeffecti veness. 

. 
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SUMMARY 

This chapter has .reviewed the literature research on programmed learning 
including audio-tutorial instruction, individualized instruction, programmed 
instruction, and computer assisted instruction. As concluded in the previous 
chapter audio-tutoriaWfistruction is nearly always equal tO:Or better than* 

lecture/demonstration in gains in student achievement in science and that 

\ 

attitudes' toward audio-tutorial instruction tend to be^positive (Fisher 1976; 
. Kahle 197^. " , ' ' . 

The research on individualized instruction indicated that little has been 
done though there has been ample talk in educational circles about the desirability 
of the technique. Reviews of ^he literature by Ramsey and Howe (1969) and by 
Royce and Shan^k (1975) show no significant differences in student achievement 
m either individualized or group paced traditional instruction in sci'ence. 
Heffernan (1973) found no significant differences in students. critical thinking 
abilities or attitudes between individualized and traditional modes of instruction. 
. These conclusions are supported by Reed (1974) 'and .Ramsey (1974). Research studies 
also indicate that individualized instruction should not be the exclusive mode 
1 of instruction, but is most effective when used in combination with oth^r strategies 

^ (Ramsey and Howe 196^; O'Toole 1968). This is perhaps because no one strategy is 

. effective with all students. Sheeljan and HamMeton tl977) for example have demon- 
strated that anxiety levels of students determine to a great extent the effective- 
ness of an instructional strategy. 

■Prograiraned instruction Jj^s^X^eived considerable attention since it appeals 
to those who desire individual ized'^approaches which free teachers to attend to 
other tasks. Studies comparing the effectiveness of prograimied instruction with 
traditional instruction indicate that students cail learn as effectively by this 
technique- (Ramsejr and Howe 1969; Nasca 1964; McKee 1966). Carres, Bledsoe, and 
Vandev6n|er (1967) and Eshl^man (1967) demonstrated superiority of programmo'd 

O 73 ' , ^ 

ERIC . - ?s 



instruction over traditional instruction.'" Other studies (Darnowski 1968; Moriber 
. 1969; Strickland 1972; and Flowers 1977) seem ^to indicate that programmed instruction 

may be more appropriate for students in high school or'college than for students 

/ ' 

in elementary or middle school. • 

Students tend to have favorable attitudes toward programmed instruction (Taylor 
1965; Frey 1967) while teachers are less disposed to the technique (Taylor 1965). 
IQ and parent's occupation may related to success •in programmed instruction 
^ (Filep 1969) and ability level may also, affect usage. Fryar (1971) has indicated , 
# that low achievers may be able to make substantial gains using programmgd instruction. 
Pacing of programmed materials is another area of contention. Pacing shoula be 
adjusted to the learner's rate of learning (Kress cind Gropper 1964).-. 

Most studies on computer assisted instruction are obsolete due to newly 
emerging technologies (Zinn 1979). As with other types of media CAI seems to 
be as effective as tradi tionaVinstructional strategies (Dasenbrock 1970; Arsenty and 
Kieffer 1971; Summerlin 1973)* Lunetta and Blick (197Si indicate that CAI may be 
used in place of expensive or dangerous labs in science. This is supported by 
Hughes (1974) and Hazen (1974). Most studies indicate that CAI is as effective 
and in some Qases more effective than traditional ipodes of instruction. 

CONCLUSION ' . . 

- Programmed learning^is an 'effective* means of instruction in science. It is - 
capable of attending t9 some student needs^ however, to be optimally effective 
must be develaofid and programmed by a teacher who knows each student intimately. 
Thii is a rar^g curance. Consequently, programmed instruction will probably 
contidlie to be^ the fringes of iQstructional techniques. Teachers as yet do not 
have the time or the skills to prepare such program^'. Commercially available 
program's do not meet class or individual needs. Furth^t*, teaching machines tend 
to threaten teachers' confidence in their own classrooms* 
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It seems clear that the mos/t effective -means^ of instruction 1s to combine ^' 



media, lecture, demons trati* on, laboratory, programmed instcuction, and computer 
assisted instruction to maximize the opportunities for students vo learn. No 
two- students will learn a concept or skilJ in exactly the same way.. By providing 
a combination of educational , opportunities teachers can'better insure successfifl 
learning outcomes* ' ^ - , 
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'EDUCATiDNAL COMMUNICATIONS AND JECHNOLOGY AS APPLIED TO 
SCIENCE EDUCATION IN INTERMEDIATE/MIDDLE SCHOOL 

VISUAL ' 

INTRODUCTION ^* - 

. ' \ ^ ' . 

This final chapter overviews the research on visuaVs in science education. 

These include pictures, graphics, kits, realia, three diniensionctV models, displays, 

maps and globes, community study a^id field trips, and overhead transparencies. 

Wittich and^Schuller (1979) pointed out th^t "the most difficult skills for de- • 

signers of visuals to learn is to define what they wish to convey Ind then control 

the medium so that the message gets across." They have also extensively 'described 

• the wide variety <>f visuals.* The following is. sunimarized from their text. 

Flat Pictures The advantages of flat pictures is their low cost, ready 

avatl ability, and ease of use. .However, they are limfted#by*^ei r small size- 

making theiti difficult to use for class instruction and by their lack of depth 

.resulting in perceptual and ?patial relationship difficulties for students. To 

be effective pictures must have good;. composition, a clear center of interest, good 

contrast^ and sharpjiess and should communicate a single idea clearly. Color adds • 

'realism as well as attractiveness to' this visual medium. 

' Graphics - These are instructional materials that summarize' information and 

ideas through drawings, words, symbols and pictures. Their instructional value 
• , ' • * • 

. generally liej in their capactty.^to fotus, attention and 'to 'convey^ certain types of 

' information in' a condensed form. Grctphs'aVe'co^imonly usedwin science instruction.- 
A grapli is a visua^vrepresentation of numerical, data' which reyeiils important re- 
lationships. among -da ta.^ , \ ' 

• ' ..-^^^^-^ 

. ; * ^Diagrams- - Diagrams are .also used extensively in^^lenCe^. These are drawings* 
- . . ' » * \ * * • *. • 

* J ' Q ' \ * 

using ^ines and symbo(s that §how outlines^, MnterreUtionships, or key features of ^ 
a^pro'cess, object, \or-area. Those Used in science can be higffTy abstract and compl 
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Charts - Charts are visual summaries containing a mix of visu^and verbal . 

cues. They may summarize data^ ex-plain processes,, or describe relationships, • 

'Charts include tabular charts, ;^low charts', and time line charts. Good charts 

have a. single, clearly defined purpose and the information is in sumrr.^ry fornr 

which is easily readable. • / * ^ ~ , 

Cartoons^ Specifically, cartoons are satirical drawinas designed to 

influernce -opinion. 'A comic is a form of cartoon acting out a story in pictures* 

Instructional comics re increasingly being ;use.d in science texts. 

Mo4el -'-Model's are recognizable three dimensional iikenesses of the real thing. ' 

Models may represent something very large or very small. They are effective 

teaching devices because they are three, dimensional^,, they can show large or smali 

objects 'in detail, they can simplify complex objects, and they can accent ijuportant 

.features. . ^ . ; 

Specimens - Often used in science, specimens are representatives of groups 

of cTksses. They .are better than models because rhey are the real.trtCng. Specime-is * 

are -more autnentic, concrete, realistic. They ^include such things as frogs, insects, 

rocks, etc. • - ^ 

Out-of-door Field Trips including Museums - These are often used in science ' 

.and tnough enormously popular few have stopped .to anal,yze why (Koran and Baker 1979). 

Outdoor laboratories are areas on or adjacent -to the schpol campus often referred 

to" as a class study area. Museums offer unique learning oppo»^tuni ties particularly 

with recfent effortjs at providing triteractive experiences foi^ *visi tors. Museums 

exhibit the real thing, -a diorama of a na€Sj.ral environment, or a skeleton of a 

prehistoric animal, all of which are difficult, if not impossible, to provide in 

* , * 

the science classroom (Watson 1978). 

The remainder of this chapter reviews ihe research on visual media use.' 

Sections include comparison studies on the use. of visuals, studi-es on pictorials,' 

* • • • • 

intervening variables effect on vjsuaj instruction, models, and^fi.eljpi t/ips and 

museums. • , 

O " 82 • ' . ' • . 



COMPARISON STUDIES ON VISUALS 4 

The following eight studies attempted to compare the use of visual instruction 

\ 

with other modes of instruction. • • < • . , 

' * ■ ■', 

.Koechel (1970) compared two methods of visual technique, single concept 
films and overhead projections- in teaching college chemistry. The eAoen rant 
was carried out over a two year per'iod on four classes of cnemistry. students 

_ who were nonscience majoVs. Subjects were assigned to sections on a random - 
basis. Lessons were constructed and validated for the lecture/discussion 
sessions rin each of six areas. The same time was allotted to both experimental 
and conty(ol groups, Experimentals had-visUals integrated into dlass presentation 
The same Instructor taught aU sections. Sections were alternated between- 

^ treatment and control over the six areas taught. Results over two years showed 
differential effects by topic area. For single concept films results showed 
significant differences in favor- of the treatment groups for two bf the topics. 
Other topics did not result in any significant differeac?s between treat.TOnts. - 
Similar results were reported fpr the overhead projections. The^ aiuthor notea 
that though results seem to be topic related use of projections seemed to ^ • 
involve students to a greatejr- deg)^ee. 

Owyer (1973) a'ttempted to determine the most effective method of 
presenting visualized instruction and to establish guidelines which could 
be used to specify which methods are most effective in facilitating student 
achievement. Purposes were to determine the relative effectiveness of 
presenting visuals by TV, slides, or prograrnmed instruction used to complement 
\ verbal '^'nstruction; to determine whe-ther the same types of visuals viewed by 
\ the three presentation formats- were equal ly effective. Findings showed that 
the effectiveness of visuals .depends upon t-he 1) subject matter and 2) the' 
method of presentation. 

Both these studies'show that as'with oth^r media visuals are no panaceas, Sbrre 

media works better for some students and subject areas than others. It seems clear 

from previQus reviews in this overview, that combinations of 'instruction are most 

appropriate and most effective taking into account differences in student abilities 

and interests, as well as subject area. " ' * 

Well, Modfran^, Pos^tlethwai t; and Butler (1973) conducted a study \to 
-generate information about the-effects on learning of presenting visual 
^ ^ concepts via different "rtiedia. The visual concepts were the manipulation of 

time, space, and motion. Three visual media were sequentially stilu photographs, 
slides, and motion pictures. -Results showed that certain visual media are 
more effective than others* Of the *hree motioh pictures were most effective 
for presenting the topics on motion.- Photographs and slides wfere more effective 
in presenting Concepts of .space. The report concludes that tf media decisions 
at a specific level based on what. is required to d'^spTay the defining attributes 
• of a concept are not possible, then decisions at thp -^general level should be, 
made on a basis other than pedagogical effectiveness,- . Perhaps availability, 
permanence, portability, or cost. should be considered, ^ 
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Well et.al. not only support the two previous studies', but specifically 



state that decisions pn which media to use should be based on approoriateness to • 

.concept. Where this is not feasible decisions probably should be based .on factors - 

Other than effectiveness .since much of the research suggests 'that there'^are'few 

significant differences between modes in terms of outcooie effectiveness. 

Kauffman and Dwyer. (1974) designed an experiment to determine the 
relative effectiveness of different tybes,of visual illustrations used to 
complement instruction in an inservice' training program. Subjects were 
179 students and employees* from Pennsylvania State University and neigh- 
boring schools and hospitals. Results indicated that generally cartoons 
are more effective than realistic photographs in facilitating achievement 
^on immediate and delayed retention tests. Subjects in three experimental 
groups indicated that they learned more from cartoon presentation and 
preferred them over photographs.' . - 

^ Results such as this may explain the recent increase in use of coiics in 
middle scnool science texts. In general welt drawn comics/ cartoons, and diagrams 
would be expected to be more effective than pnotographs. since line drawings can 
focus attention on important details. Photographs, on the. other hand, contain' 
significant amounts of irrelevant visual information for the performance of science 
tasks or the understanding of ^cience concepts. ^ | . 



/ Coulter, Adler, and Byrd (1975) conducted a study at 'East Carolina 
Ua^ to attempt to combat low enrollments in pipysics Iclasses. A 

multimedia program was developed including demonstrations, transparencies 
single concept 1;ilm loops, and sound films. Four classes were taught by 
tha new method. ' Only one class showed a Dositive attitude change toward 
the course anc}^ multimedia. The authors hypothesized that this was due to 
the professor's strong advocacy of the 'multimedia approach. ^ 



Coulter et. al, introduce a commonly .overlooked factor. in the success' or failure 

of a new instructional app||*oachi the teacher. | The two other professors involved in 

this study opposed the cliange from the beginning and were successful in showing that 

it was not effective. It appears that the teacher' s- atti tudes strongly influence 

both effectiveness of programs and attitudes of student^. ' ^ . 

. Janoscrat (1975} conducted. an investigation of individualization as it 
\ * relates to tlie relationship .of learner stated preference* for mode of infbrmation 
presentation and subsequent , performance, the instructional effectiveness of 2 
different modes of visual presentation and their combination, and the inter- 
relationship between stated preference, mode of presentation, and performance. ' 
The task v^e^ preparation of a medication. The visual modas were black and 



white line drawings, printed words ^hat were composed to be equivalent to the 
drawings, and a combination of the two. The population was 178. nursing 
students ranging in age from 16 to 54. Subjects were assigned to 
treatment groups according to their stated preferences for one of the tnree 
visual presentations. The analyses showed that preference had no effeht 
on learning time or task -performance time andf no relationship to error fate. 
The type of instruction effected learning time.. Learning time for subjects 
who received visual ^ids^ was significantly lower. Presentation mode .had 
a stronger correlation to performance "than did preference. ^ 

Dwyer (1976) reViewed visualized instruction! Some of his conclusions 
were that tiie use of visuals disigned tb complement printed instructions does " 
not automatically improve student achievement. It depends upon the educational' 
objective. The visual most effective in transmitting information is dependent 
upon the type of information to be tranmitted, the amount of time students 
are allowed to interact with the visualized instruction, 'and sometimes the 
use of -color. Boys and girls at the same grade level in high school learn 
equally well from visuals. Increasing the size, of visuals by projecting • 
them does not improve achi-evemerrt. » 

Fuller (1977) assessed the influence of source of data, readir^g performance, 
and gender of thi^d grade science students on science concept attainment and 
retention. Three 'treatments were used, overhead projections, booklets, 
and jigsaw puzzles to reassemble and flash cards to arrange. Third grade 
• ♦ students. (n = 133, 71 boys and 62 girls) ^from five classes in two elementary 

schools were randomly blocked into the thr^e treatments. Immediately following 
one week of instruction, all ^subjects were administered a posttest of 
achievement and. a delayed pos*iest of retention one week later. Results 
indicated that there was no signific^ difference in the three treatments. 
Reading^ performance did affect science\chievement. There was no significant 
difference in retention by treatment group. | 

These studies on visual instruction seem to indicate that In general visuals . ' 
.-ate as effective as other modes of instruction, but may be more or|less effective 
depending upon subject matter being transmi^tted. Ideally, teachers would' be hble 
;t'o select and^use the most appropriate media for transmitting information in a 
particular alrea efi^ectively and efficiently. Realistically,' however, teachers 
are not well prepared in the use of communication technologies and rely most 
heavily on existing science texts. One wonders how much research publishers do*" 
on the effectiveness of the many drawings, color photographs, cartoons, ctjarts, etc. 
used in, commercial texts. In most Cases such texts are prepared to ap^peal to adult 
buyers rbther than for the impact -on learners. 
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STUDIES ON PICTORIALS . i 

(The following six studies 'focus primarily on the effectiveness of 
pictoyials in science education. . ■ . ^ 

Weisberg (1959) examined the value of several modes of information 
organization to teach oceanography to "eighth grade students. 96 students a, 
with little previous earth science background were assigned treatment groups.. 
One group was exposed to a physiagraphic diagram of the ocean floor.- A 
second group was exposed to a topographic profile. A third grpup read about 
the information. A fourth group acted as control and received no information. 
A 'pre- and posttest was. given. Groups using the graphics did significantly i 
better on the posttest than the reading or control group. There were no i- 
signif leant differences by sex. • 

Voelker (1973) conducted a study among sixth and seventh gra'ders'from 
"average and low socio-economic neighborhoods in an urban, industrial community 
and fifth and sixth graders from a smaTl combined agricultural -industrial 
community. The materials presented consisted of science concepts centered 
around an environmental problem with accompanying pictorials. Pre- and post- 
tests indicated-significantly better achievememt in groups. using the 
supplementary pictorials. ' , 

Wardle (1975) investigated the predicted and "actual contribution of science 

textbook illustrations to reading comprehension of students of varying reading 

ability. Two studies were conducted. The first focused on the actual learning 

value of. illustrations. Thirty seven elementary teachers and 144 seventh 

grade students participated. Subjects rated the illustrations on a 1-10 scale 

indicated the degree to which the illustrations aided in understanding. There 

was significant disagreement between teachers and students. The second study^ 

investigated the number of test questions answered by an illustration related 

to its val-ue t^^j ding, the reading comprehension of students. 191 students 

^ participated inWiis study. Illustrations were selected from^ a pog3 used in 

Study 1. Students were randomly ass'igned to one of five treatments, 1) text 

accompanied by illustration which an.swered a high'number of questions, 2) 

; text accompanied by illustrations which answered a medium number of question$, 

' 3) text accompanied by illustrations which answered a low number of questions., 

4) an unillustrated text, and 5) "control group Without text. Students did-^ot 

"" '4 perforifi significantly better on reading comprehension te^ts when provided f_ 

illustrations than without illiistrations. No illustrajjfions were found, to aid 

reading comprehension. • ... - i ! 

' . ■ ' i i . ' . 

Wardle' s study supports conclusions reached earlier that illustrations ^n 

'science texts are generally included by publishers to appeal to teachers and 
adults selecting texts rather than for their effectiveness in transmitt'ing.infor- 

• mation. The disagreement between teachers and Students, in this study ^long with 
the major findings of no illustrations aiding comprehension indicates tkat selection 
criteria should be something other'than the appeal of illustrations to teachers. 
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Thomas (1977) investigated four specific questions including the e>ffe\r 
of including pictorials in written te^s on reading comprehension of foui^th 
graders. 108 fourth grade students^om three elementary schools we^e diviciea 
^into three achievement levels of high, medium, and low using tne combined 
percentile scores from the SRA reading and science theasures. Students were 
then randomly assigned to three treatments, color "photographs with text, 
simple line drawings with text, text only. Presentation was by slides. 
No significant differences were found anong test groups. Pictures neither , 
facilitated nor hindered reading comprenension. . 

Sherbo (1977) studied the effect of visual advance organizers on learning 
and retention of- selected physics principles among 597 nin.th graders in 24 
classes.. The ten teachers with intact classes were randonly assigned to 
e'ither treatment or control groups. Tr^eatment group consisted of 332 students 
who received visual advance organizers by overhead transparency. The control 
group consisted of 265 students who-did not receive the transparencies. Results 
showed'no significant differences in achievement between the groups. The 7 
^ ^ results indicated to the author that teachers do not need to link prior ^ 
'learning to new learning to facilitate that learning. 

i^fenzo (1977) examined imbedded aids which ware defjm£d_^^uni ts of 
assistance and enrichrnent woven into the' fabric of texts so as to be un- 
obtrusive and yet present valuable information for the reader. 200 tenth 
grade students participated in the study. Half received instruction using 
* ' imbedded aids, thexther half received conventional texts. Results shov/ed 
the imbedded aids group took longer to finish but scored sligntly higher 
than the conventional te^t group. The .imbedded aids were summarized as a , 
good 'study and motivation aid providing additional information, but which 
did not result in significantly better achievement. 

The studies oh pictorials suggest the same- conclusions as for/visuals i,n 
general.- They tend to be as effective as other modes of instruction and appear 
to appeal to adults using them in instruction* This criteria accounts for their 
widespread use rather than any evidence of the effectiveness with students. 



INTERVENING VARIABLES EFFECT ON' VISUAL INSTRUCTION 

A number of studies relating to use of visual aids, for instruction have* 

focused on the interaction effects of other variables. This section will review 

some topical studies in tfTis area'. , ^ • 

\ * Dwyer (1 968)" tested the interaction of visual illustrations and programmed 
anstruction, 175 college freshmen were randomly assigned to one of, nine groups, 
Wijile verbal instruction was held constant, the amount of realistic detail 
contains* in ill.ustrations was varied fcQni line drawings to color photo- 
graphs of the objects. Resul ts|showe^^Hsome visuals better than others. , 
Black and white abstract drawings produced the best results on a drawing 
V,test* Those using color photographs were best able to identify component 
.parts of the objects on an identification test. Those using no visuals 
performed best on tenninolt)gy^nd, comprehension* ' / 

' ^: . oo 
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Again we see that^^the outcomes desi'^ed are very iT.portant in determining ./ 
which visual mode if any to be^used in instruction. 

Moore and, Sasse (1971) studied the effect of size and type of still 
projected pictures on immediate recall of content: A -total of 228 students 
in grades 3, 7, and 11 were selected from heterogeileously grouped classes. 
All subjects viewed the same 9 pictures (paintings, .line drawir.as, and 
photographs) on slides of varying sizes. The f^ize of picture seen, order of 
presentation, and order of questions were randomized 'by class. Data showed 
that the size of pictures made a significant difference in amount of recall 
with small pictures (quarter screen) being least effective and fr.edfum size 
pictures being most effective. The type of picture also produced significant 
differences in recall, with line drawings producing higner r^syrlts than; 
paintings or photographs. Grade level alsa effected achievement. Seventh 
graders/had the highest overall mean scores. 

These results are in contrast to those of Dwyer (197&) who"round-no significant 
differences due to size of pictorials however, Dwyer was using still photographs 
not slides. • • ^ 



Dwyer (1972)- irrvestigated the effect of overt responses in improving 
visually programmed science instruction. This study measured the relative 
effectiveness of eight types of visual illustrations designed to complement 
programmed instruction and* determined the effect of color in visual ' 
illustrations as instructional variable in promoting achievement. The 
^ populatipils consisted of 266 students ia a psychology class at Pennsylvania 

State University. Results showed that the simple line drawing with color 
^" was most effective in facilitating student achievement in drawing and a 

criterion test. The programmed presentation without visuals was found to be 
as effective as visually complemented treatment on the identifi caption, 
terminology, *and comorehension tests. / * * ' • ' 

r"- / ^ ^ . . 

Shulene (19^2) studied the effect of pictorial riddles and corresponding 
inquiry "procedures on educable mentally handicapped students in understanding 
spience concepts. The sample was 45 students aged, 7 to 16 enroljed in four 
classes. All classes were taught by the author. No reading or writing was 
^ required of the subjects. Pre- and posttests were used. Conclusions reached 

were that the pictorial riddles resulted in significantjearning'and is an 
effective method of teaching mentally* handicapped students. " . ' * 

Tlie results reported by Shulene indicate that the pictorial approach in science 

is an effective teaching technique for both boys and girls who fall in the IQ range 

identified as mentally handicapped. 

HoTliday (1975) set out to test the effect! veness of instructional 
, n pictured as an adjunct to verbal instruction. Eighty students wer^ randomly 
assigned to two treatments, verbal statement and pictures plus verbal 
I statements^ Pictures consisted of simple line drav/ings. The combination . 

of verbal and pictures produced significantly better achievement .gains than 
, verbal' alone. * . ^ , ■ 

Berry (1975) conducted a study to compare the relative /effectiveness of 
Q two forms of color cueing in visual instruction. Subjects were 224 college 

1. 



students in an instructional media '.ourse. They were divided* into six grouDS 
each receiving the* same oral presentation on the human neart./Cne group dia 
not receive il^strations, one /saw olack and white drawings, two receivea 
realistic color drawings, two were given noorealistic color drawings. 'All 
groups received immediate achievement tests and retention tests six weeks 
later. Dat^a revealed that in those cases where instruction was accompanied 
by visual niaterials achievement .was superior to no illustrations. Realistic 
color drawings were most effective in facilitating achievement. - No significant 
differences were found, however, after 6 weeks. 

Though the color drawings seemed to effect immediate su£>erior acr.ieve-^.ent tnere 

are cjuesjions regarding long lasting effects. Color may be m.ore aporopriate ^for 

some instruction where color is used to identify key compdnehts and hejo stucents 

identify parts of objects. 

. Dwyer (1976) also i-nvestigated color as a variable in vi sual .instruction. 
'508 students at Pennsylvania State University were assigned to 8 treatment 
groups, simple line drawings black and white and co/lor, detailed shaded^ ' 
drawing black and whUe and co lor, -he ^rt model tlack arvd^white and cqlor,_ , 
an?! realistic photographs' blTck and vJTri te and cdlor. A 30 minute lesson on" 
* the heart was presented to e'ach treatment group accompanied by the visual 
•aids. 'Not alT visuals were equally^effective. The simple line drawing 
with color was found to be the most effective in facilitating sludent > 
achievement. • • . ' ^ - " 

* 

Holliday and Dahl (1976) tested the effectiveness of 'it lesson augmented 
by adjunct labeled drawings compared with a text presentation. Subjects were 
61 ninth grade students in physical^ science randomly assigned to two group^-* 
Group 1 used the te>;t onTy. Group 2 used the text along with labeled, 
simplified, line-block drawings. Similar tests^ were admin-istered to,,both - 
groaps. The drawing plus text group scored .significantly higher th^n the ^ 
the text only group. , v / ^ . • 

n Tarcza (1976) tested tjie use of coTor photogrMhs to reduce students/ 
perceived, difficulties in physical -science laboratories. ' Students- jn a 
self-paced iittr/)ductory physjcs course at the University of Maryland were 
divided into four /fereatmentl/groups, laboratory *guide no'photographs,- photo 
laboratory guide, preview '(no photos) plus laboratory guide (no* photos), and 
photo review plus photo lab6ratory guide. Photographs "were in color. Students 
performed 11. experiments and rated their»perceived difficulty in doifig the 
tasks. Test population consisted of 27 students with a replication of 8 of- 
the experiments by 29 other students the following semester. - Incorporation ^ 
of color photographs did not enable students' to perceive the tasks as' less; , 
.(^ifficult, however students with the photographs available sought assistance ^ 
less frequently. - - * ^ ^ , 

, i The research on color versus black and white is conj:radictory, but it 

seems that black and white line drawings^are as effective as color drawings in 

most cases unles? the color is used to focus attention oh particular" details.. 

Drawings, are nearly always superior to photographs in ef^cting higher student gains 

and in achievir/g greater student comprehension of science informati'on. • . - 



Bunge (1976) investigated the ise of hapd motions to stimuiare visual / 
imagery *in physical science instruccion. The instructor traced iiTiag^inary 
figures in the air with hand motions whi,le verbally describing ihe oojecrs/ 
Subjects were junior college students. One group watched and listened wnile 
^another group listened only to the -lessons. This basic' design was repeated / 
oyer two semesters. There were no significant differences between the means • 
of the groups on achievement posttests. - . 

^ Hil'l (1978) studied the relationshtp between vi sua! i zation- and performance 

in solving science problems. Subjects were 88 freshmen students in eTementary 
teacher , education in Australia. Students were randomly assigned to'treatments 
one group receiving' instruction in spatial visualization and the otr^r v/itn 
no such instruction. There was a significant correlation between subjects . ^ 
increased ability to deal with spatial relation'ships and their ability to 
solve science problems* 

» 

These two studies do not add especially to conclusions reached thus far on tne 
use of visual s., bpt were the only studies found that deal with eitner variable. 

^Teachers use hand motions often in describing science phenomena. Bunge has found 
that at least in his study they did not add to student understanding. On the 
other* hand, one would expect that ability to deal successfully with spatial 
relationships would enhance student ability, to interpret'and make use of information 

^-transmi tted visually. » r . ' . ' 

S ■ 1 

I . ' - ' 

THREE DIMENSIONAL MODELS * " . ' ■ * 

The following six studies deal with research on the ur.e of three dimensional 

models in science instruction. 

Goldberg ;0 965) attempted to .determine the effect of three dimensional 
. molecular models on the comprehension of students in high school chemistry. 
Eighteen intact chemistry classes were divided into two groups, one using . 
colored three dimensional molecuTar model's, the oth^r ^usTng only the black- 
board as a visual Sid. The model group achieved significantly higher postest' 
Soores than the control group. ... 

c . ^ 

Moclel building both physical**^arid jnental is an important process in science 

educa^'tion.' The following study by DeVito investigated thia aspect of general 

sci€nce\instructlOn. - ' , . . 

• ' . . ' ' 

DeVito (1966) studied the contHbution of certain science investigations 
to the understanding of the elements of scientificmodel building.. 36 eighth 
grade general science classes consisting of about 1000 students participated 
' . in the study. They wer^ divided into^ two groups. . One group received 
instructional materials designed .by the author which intended to develop 



student abilities to understand model buildi<pg and 'the role of models \^ 
, in science, ^The other group did not receive such instruction but did 
receive the same content. - Results showed that the treatnfent group^'Tiad 
significant gains ^in understanding models and their uses over the control 
group. ' ' . ' t ^ • ' 

Though this study does not; investigate the^actual use of mode's, iz derr.onstrates 

tfiat students*on middle school age level can be successfyliy^instruct^d on the use ^ 



of models and can become more proficient i-n usiag models/ Th^'s is oerhaps true 

also'of the other media. As educator^ we should, consider including instructicn 

in our lessons ^on how to use and interpret instructional medja to ootimize learniao 

outtomes/. / " ' ^ 

Dunjstone (1 972) us^d molecular modeiS in college chemistry courses, , 
21 students in the test group made their own models of silicates.^ This 
required them to gather information on bond "types,- lengths, atom'positions, 
etc. Results of the study are inconclusive due to the sma]l number of* 
subjects and the inadequacies'of controls, butMt ices suggest a valuable 
learning experience for studentsl ' ' *• 

"^Having students^ build models of structures under study jnay^ in^fact, be \ 

a most useful techniqile both -to help students understand -the three *dimensior)ar, 

nature of objects and to evaluate and identify student'diff iculties in* perceptions. 

Barufaldi and Dietz (1975) investigated differences in.^ visual perception-s 
of children using solid objects and two dimensiooaV repr'esentations .of t^ ; 
same* objects. k28 .students^ in grades 1", 2, 4, and six were randomly selected 
and assigned • different treatment grcQp^. Results shov/ed tnat .students^ 
i.n sixth gradewere more skillful in observation and compari*son\Using solii3 
^objects than, priotographs. Students in second grade p^formed better, on 
observation and comparison tasks "using photographs. Sbvjdent^ jn grades fotir 
and six were mbre skillful on ol^servation and compari.somia'fter using solid ' 
objects than with drawings. Foufth graders /wef^e mbre ' successful after using .^/"^ 
drawings than photographs. ' - ^ , , / . ^ ^ ^ 

- . ^ He.' : * • \ - , ' 

Th/s study suggests that there may be differences .in effectiveness X)^f three * 



dimensional models^e tp maturation,', though it'is not clear Vhy this should be, \ 
the case. / t. ^ • ■ . 



Snyder (1976) d'id a study ort student .preferences' f<^r K^lm dr demon st'rati^f. 
^32 nonscience students in an undergraduate phystcs 'coiirse «were? surveyed ' 
* following treatment over S semester by demonstration ^and f^lms. Res|::tonses • ; 
indicated tolerance of amateur 1 ive demonstrations and a" n^gativ^ attil&ude . 
toward film. Snyder concluded that, live clemons^trati on. provides person to 
person contact,' immediate feedback and clarification. /' , - t ■ . 
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The planetarium might a1so*be consiiered a three dimensional model reducing 
large spacial relationships and time -frames -to.^ more convenient aiid rnanipulati ve' 
size. . 



Burnette (1976) investigated the use of the pl-anetirium in changing 
attitudes and achievement in earth/space science ins^rudtion. Ffiurtn, - 
seventh and eighth grade students participated in the study wnich used 
a Ipcal planetarium as part of the course wprK/ Students were tested after 
completing a one year conventional course without the planetarium experience. 
These were used as the comparison group. The treatment group also conjpleted 
a one year science , course but included one, or more planetarium visits. FourtI 
grade students demonstrated a moderate improvement ih attitude toward science 
, ' * Junior high students ^indica ted. improvement 4n both affective and cognitive 
measures. Eighth graders. showed significantly higher achievement. 

This study is of questionable .qual ity. There are far ^too many intervening"" 

variables not controlled in the study to demonstrate a causa-l relationship between 

the few planetarium visits and the, Outcomes described. However, it does suggest 

that the area is worth pursuing in more controlled research., ' * 



FIEljr TRIRS AMD MUSEUMS ' ' 

Related to the studies o^ use of planetariums is the research on out-of-door 



fi61d trip^ and museums?^ Field trips arfe amenable to the same.-'type of media 
analysis as any other instructional mode. Three categories need to be considered 
the nature of the dispjay, the response or outcome desired, and the available 
feedback. ■ Koran and Baker (1979) hav^e reviewed th^: research oa field trips and 
museums, and conclude that field trips do no't ysually exceed classroom learning on 
noeasures of knowledge gained or content J earrf^d>» Thus% there is not compelling 
support for field trips over conventional- classroom instruction, however, the* 
major justification for field trips should be unique outcomes that arise'such 
as interest,, motivation, and even rejuvenation for tecichers. Further, field 
trips should bemused if they meet the 'desired objective,*pr outcome with the teache 
designing- the field- trip in'such a way as to achieve the desired result. As with 
Other instructional techniques field trips should only be used -with adequate 
preparation and follow-up. Sin>ilar finding's and recommendations were used for 
the specific! field trip to a museum. q>7.' ' • 



Begnet.t (1963) coFipared field irips with classroom instrjction in 
seventh grade;; Five teachers were involved in the study using their seventh 
grade classes which were grouped by reading cTbility. The 105 students were 
divided into two groups. A unit of study was employed over a cwo week period. 
■One group studied the ecology unit by field trips, the other by- conventional 
classroom instruction. , There were no significant differences between groups 
on achievement. The author concluded that either m^e of instruction Gculd 
be ysed co teach the desired content to seventh grade students.- 

Glenn (1968) investigated the effectiveness of two .different rrezhcds o-" 
presen-ting fi^ld trip experiences in developing student; abi 1 ity fo make 
observations and to form hypotheses..' One treatment group received the 
conventional geology .course supplemented with, four teacher conducted field 

1 -S^;- 2 students stayed. in the classroom ana were showo 

Slides of field trip experiences. A third group not taking the /:ourse was 
used as a control. Results indicated that the group taught in tke classroom 
with slides scored significantly higher than the'control on abilttyto form 
nypotheses, but did not sgore significantly different than the field -trip 
group. Both treatment groups were able td demonstrate significantly better 
observation abilities than the control. 

Tu Wise (1970) compared field trips with indoor learning in elementary "schoo-l 
Three different approaches were used in a i:hree week' study with fiilth graders. 
251 students were randomly assigned to treatment groups. Direct experience 
oiJtdoor .classroom, and indoor clas-sroom were the designated itreatments , '/ 
There wer.e fio significant differences among the treatment groups ^on either ' 
posttest or retention tests of science knowledge. Neither were there-ahy 
significant differences on science compretiension. /- ■ ' " 

rc-rn ^^^^'"^''^ (1971). compared learning behaviors of e.ighth and ninth grade 
•ESCP students in labbratory investigations and in field experiences. The 
indoor group had -one unit of the ESCP course in the classroom The outdoor 
group had all phases.-of the unit that the laboratory investigations were 
conducted _ou.t-of -doors. There were, a total of 15 groups and six teachers. 
Learning in the out-of-doors was enhanced when concepts were related to the 
environment. Critical thinking and preference for out-of-doors were changed 
favorably as a result of treatment. 

Hosley (1974) compared field experience with three screen slide tape 
presentation with 400 fifth graders assigned to 4 treatment groups. Group l' 
receded no. treatment. Group 2 received the slide prestenta+ton. Group -3- 
went of field trips and group 4 had both slides and field experience. Results 
indicated that students viewfhg the slides scored significantly higher than 
those receiving no instruction jnd as well as those going on the- field trips. 
jThe combination of treatments produced the highest score 5^. 

f ■ . • 

Brown and 'ladd (1974) initiated an audiovisual program designed to 
simulate - - -- 




selected at random f,rom those registered for the course participated in the 
study. Bpth the exp-erimental and the control students did equally, well in 
course acl^ievement. . The. simulation group demonstrated such enthusiasm for 
the program that it. was extended to all students taking the course. - 
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Hickman (1976) conducted a survey of teachers in Ok^lahoma on their ' 
use of field trips. The 202 responding teachers indicated th^i those ' 
who used field trips considered them to^ be worthwhile' as a means of ^ * 
instructiqn: Teachers used field trips' when given adequate finances 
and opportunity. Teachers take students on field trips to facilitate 
gaining of knowledge and to arouse interest. Teachers have taugJrt them- 
selves how to use field trips. College preparation has been inadequate - - 
to ensure that field trips. are incorporated into the science program, 
Sctiodl, policies are generally favorable to field trips, but administration' 
through procedures and practice effectively Timit field trips. 

Gi.lbert (1962) investigated the^ value of the guided' museum tour ^ 
^'?s a resource for acquiring knowledge in. certain aspects of high school", 
\ biology, and for ^enenating interest in biology. One-hundred-twelve 
students, took part in museum visfts as part of thi?ir * bio logy* inist ruction. 
One-hundred-five students did not make^these trips but studied the same 
subject matter. . Pre- and posttests were administered.^ -Questionnaires 
•»weif^e-also prepared,' The Nelson ^Biology Test showed no significant 
; differences between the achievement of the two groups. The criterion • 
f - ' referenced test which was administered^showed significant di'ffe^^ences * 

\ fav.orin^ Jhe museum ^roup. Students^ favored. ^the mu^seum' visits. .'Teachers 
^ ^ • 'agreed th.at the o&jectives of :the musebnr ttiurs wer^ satisfied^ and had^ 

*> ,'been* valucible, '^^ , . % % * ^ . * 

^ c These studies .further 'support the^findiags of Kbran^ arjd Baker (1979), 'the . 

'findings of research on exciJr*sions ^i s that -they are important in^truttional adjuncts 

whea- tareful ly analyzed and constructed and employed for appVopricite^outcomes, 

, - Teachers must ask themselves if the field' trip at the point in ^their instructional 

sequence will produce the desired outcomes for th^jr^ students. The research re- 

^ viewed suggests that the teacher become completely familiar with the 'site, that 

advance instruction be provided- as- to what will 'be experienced on the field virip, 

' * that focusing student attention on the' objectives. of the field trip is-critica\, 

and that f^llqw-up activities be rprovided after the field experience*, 

4 ' 

TSUMMARY ' ^ - J. • ' ' " < 

This chapter has reviewed the research .on- visuals including pictures, graphics, 
three dimensional models, overhead' transparencies j'Nnd fi^ld trips. Comparison ^ 
• studies .on the use of 'visual ,vSrsus other modes of- instruction 'show that as with 
r ' other media visuals are as effective as conventional modes of instruction, 

"Koechel (1970> and Dwyer'(1973) have $hown thatWisuals are not always effective 
\ aofii may be rftore effective for some subject areas and some students, than for others^ 
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This is further supported by Well et..al. (1973). Janoscrat (1976)',* Dwyer (1976),-»' 
■ and Fuller (1977) demonstrated that visual instruction is jijst. as effective in 
effectiiig student achievement as other means of instruction. . 

Studies on pictorials have shown that^ quality pictorials can aid in increas- 
ing studnet achievement (Weisberg 1969; Voelder 1973), however Wardle (1975) and \ 
-Thomas (1977) indicate that color -is" not a significant addition to effectiveness 
of pictorials unless the color. is used to identify and focus student attention 
on particular parts of objects. This is supported' by Dy/yer (1968:)', Hblljday .(1975) 
:and Berry. (1975^ Further, Dwyer (197$), HolUday^and Dahl (1976) and ^Tarcza-".( 1976) 
have shown that not only is color not a significant, con'tritfutor. but that? at' least 
for science simple,' black.and whi^te drawii?gs are generally most effective- Moore 
and Sas'se (197]!) showed differential effects'due .to- the size of pictures projected^. 

as'sTides, but this^is contradicted by Dwyer (1976)' for pointed materials. 

' -J 

Gol.dberg- (1965), OeVito. (1966) , Barufaldi and Die'tz (1975),^ ^nd Burnette (1976) 
al^o demonstrated significantly greater achievement effects using three dimensional 
models compared with description, drawings, or photographs. Models are particularly 
useful to help students develop spatial relat^"onship skills (Dunstpne 1972). 

Koran and Baker (1979) succinctly summarized fhe research on field trips.. 
There is'no compelling support for field trips in regard to increased- achievement, 
however, they tend to be popular and commonly used. Field trips are Important 
instructional adjuncts and'are most effecti»ve in affecting other student outcomes * 
such as interest, motivation, and perhaps' even applications of classroom learnings. 

CONCLUSION- 

Visuals are effective means of communication. The choic^e of the particular . 

type visual or any other media to optimize learning is crucial. What is cleaf from 

the overview of research on educational communications ^tephnology -is that no one - 

\ ^ ^ ' 

media is best. What is best is a careful selection.of the appropriate media to 
fit and accomplish the desired learning outcome.* this selection j*s dependent on 

95 ' lOO* . , 



both subject matter to be conveyed and on the age and abvl i ty ^level of students 
' to be addressed. Teachers ^need help in learning how to make tMii selection. Even 
more they need additional training either preservice or inservice to be prepared 
to use the various media. Most now learn this on their own or do not. use the 
med^a they are unfamiliar with thus -effectively reducing the potential for selecting 
the rifi^media for the job. ' . * ^ ^ / 

For science "instruction at the intermediate school level? line drawings ^re 
more effec\ive;tjh^n color photographs.' Yet text publishers go to great expense 
to prov.ide colorful instr\ictionaT mater^ials.in the'belief that these are ir.ore 
attractive to^ studer>ts and thCis more motivating.. This belief is not supported by 
the research. What is more li4cely is that these colorful pictorials appeaTto these 
adults to select and purchase books. The "rationale for\use is thus for something 
other than student acheivement gains. 

Even thoughthe literature on field trip effectivene'ss is not edefinitijVe^ 
both, teachers apd students extol the positive virtues* of such experiences beyond 
what one would expect given the results of research at this time. This suggests 
that beneficial effects of field trips may not have been explored or measured as yet. ' 

As wjth all instruction teachers should prepare students, conduct the learning 
experience, and follow it up with adequate reinforcement so' that students can 
optimize e'ach learning situation. ETV, film, au'dio, programmed learning, and 
visuals arejall effective. means' of instruction. Each has unique contributions it 
"can make and liijnitcitions on its use. 'The trick is to select 'the right one at'the 
right time with the right audience! 
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